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Toxrnsann Ankagemun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


B. H. APHOJIb] 


HECKOJIBKO 3AMEUAHHH O NOTOKAX JIMHEMHbIX JJIEMEHTOB 
HW PENEPOB 


(IT pedcmaeaeno axademuxom A. H. Koamozoposoim 9 XII 1960) 


Muorue 3aauH MexXaHHKH IIPpHBOAAT, KaK M3BeCTHO, K reowe3nuyue- 
_CKHM TloTOKaM (co. (**)). B HacTosieH 3ameTKe onpefeseHbI Gonee 06- 
MMe TMHAMHYeCKHe CHCTeMbI B IIPOCTpaHCTBaX JIMHEMHbIX QeMeHTOB UH perie- 
pOB pHMaHoBa MHOrooOpa3sHd —H3O0TPONHbIe MOTOKH. K HMM OTHOCHTCA 
MOTOK, CBASAHHbIM C KPHBbIMH THOCTOAHHOM Teofe3HueCKOH KPHBH3HbI H C 
JBY2KeHHEM 3apsxKeHHOM TOUKH MO rylalqKOH MOBepXHOCTH Mp HaJIMYHH Ma- 
THUTHOrO TOJA. 

§ 1. Ilycts M—n-mepHoe puMaHoBo MHorooOpa3He. k-penepoM HH 
k-24pom Ha M naspipaetca napa o=(x, 6"), rae x@€M—uocutTedp, 
a €*— ynopxyouenubit HaGop (&),..., &) HOMapHO OpTOrOHaJIbHbIX eMHHUU- 
HbIX BEKTOPOB KacaTeJibHoro K M B TouKke x MpoctTpaHctBa. Peneppi c 06- 
IMMM HOCHTeJIeM OOpa3yloT OMHOPOMHOe MpoctTpaHcTBo Ep, a Bce penepbt Ha 
M—npoctpauctso 2;,. DiemeHT oObeMa B TpocTpaHcTsBe {2; 3ananum cop- 
Mysioh dQ = dM d®, rane dM —a3nemeut o6btema Ha M, a d= onpenesmaer 
MHBapHaHTHylO Mepy B TipocTpaHctTBe Zp. 

IloTOKOM Rk-9poOB MbI OyfeM Ha3bIBaTh OLHOMAapaMeTpHyecKylo rpyn- 


: ; 
ny S' mpeoOpasopanuii mpocrpauctsa Q,: o—>S'o. TpaexTopuamu 
moToKa Ha30BemM JIMHHH I’ Ha M, o6pa30BaHHble HOCHTeJIAMH x(t) 9JIeMeH- 


Top S‘w. KacaTeabHBIM MOTOKOM MbI Ha30BeM TaKOli NOTOK n-31pos, 
y koTOporo penep S‘o ect COMpoBOxXawuluH penep TpaekTopuu x (f). 


O6o3HayHM Vv cKOpocTb ABHxKeHHA x(t) TOT, ky,..., ka_y— KpuBH3HHI YT’. 
OueBuJHO, KaCaTeIbHbIt TMOTOK oOMmpefenneTcA 3aaHveM (byHKUHH v(o), 
Ry (@),..~ , Rey (@) Ha Qy. 


Onpenzenenue. U3Z30TPONHEIM NMOTOKOM HasbiBaeTCA TakOl Kaca- 
TCJIbHbIM MOTOK, Y KOTOPOrO CKOPOCTb UV MOCTOAHHA, a KPHBH3HbI ky (X),.. . 
...,Ra-y(X) 34BHCAT TOMbKO OT HOCHTeIA ¥ H HE 3aBHCAT OT HaNpaBsenui 
BEKTODOS 61,+ . -.,.6n penepa. o. 

B yacruocru, reofesuyeckuii noToK u30TponeH: v= 1, k;=0. 

§ 2. Oxa3biBaeTca, H30TPONHbIii MOTOK ABJAeTCA WMHHAMHYeECKOM CHCTeMoli 

¢ MHTerpasbHbIM MHBapvaHToM. Kak u3BecTHO, Mepa d® aABAneTCH HHBapHaHT- 
HOH Mepoli reoyjesHyueckoro NoTOKa. 


Teopema 1. J] peo6paszoeanuan S' aw6oe0 usomponHoeo nomoKa coxpa- 
Hsiom mepy dQ. 

JloKa3aTeIbCTBO OCHOBaHO Ha TOM, 4TO OeCKOHeEUHO MaJloe MmpeoOpa3s0Ba- 
nue S” cocrouT v3 6eCKOHeYHO Masoro mpeoOpasoBaHus reofxesH4eckoro 
MoTOKa HW Oe€CKOHEYHO MaJioro BpaleHHs. ; h 

Ilpu n=2 us0TponHbld NOTOK oONpefesseTcCA Treofe3HuecKOH KPHBH3HOU 
k(x) Tpaexropuu, npoxoysmeli yepes TOUKy x MOBepxHocTH M. Taxol no- 

TOK W30MOpdeH JBH2KeHHIO IPH (UKCHpOBaHHOM SHEprHH B AHHAMHMYeCKOH 
/cucreme c dynkuuveli Jlarpanxa L, + L;, covepxalilelt KBaypaTHuHble UM JH- 
“HefiHble OTHOCHTeIbHO CKOpocTeli weHbI. B 9ToM cylyyuae TeopeMa | BbITeKaeT 
43 Teopemb! JluyBusaa. Mckaouad WMKMYeCKy!O KOOPAMHATY, MOXHO JerKo 
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HcCJIeOBaTb XO KPHBbIX NOCTOAHHOM KPHBH3HbI‘ Ha MOBePXHOCTAX Bpaille- 
HUA. ITHMM KPHBbIMM 3aHHMaMcb Muuguur (°) uw [ap6y (°). 

§ 3. Jlerko mofmaioTca u3yyeHHO TakxKe WHK JI H4YeCK HE MOTOKH, Y KO- 
TOPbIX ky, ... , Ra_; MOCTOAHHDI, HA MHOTOOOpa3sHAX NOCTOAHHOM KPHBUSHBI K. 
Paccmotpum msockoctb Jlo6auepcKoro (n =2, K = — 1). O6nruHbI npnem 
MNO3BOIAeT TepeliTH K JHOOOM NOBepXHOCTH NOCTOAHHOM OTpHLaTebHOH KpH- 
BH3HbI (°). 

Iluxabt KpuHpusHp! k na mmockoctu Jlo6ayescKoro JenATcA Ha TPH KMacca: 
coOcTBeHHO WHKIb (k?>1), opuunKsp (k?= 1) wu runepuuKsp (Rk? < 1). 
B monenu Ilyankape 9T0, COOTBETCTBEHHO, OKPy2KHOCTH, He MNepeceKalouue 
aOcomioTa, Kacatolulueca ero HM MepeceKatouyue aOcom0oT MOx yrsioM a; 
COSIG te 

Teopema 2. Bcakuli eunepyuxaureckut (k* + K <0) nomok na noeepx- 
HOCMU NOCMOANHOK OMpuYyameAbNol. KpUueU3HoL K us0mOpqen eeodesuueckomy. 

J{oka3aTeJIbCTBO OCHOBaHO Ha TOM, YTO FHMepWHK KPHBH3HBI Rk aB- 
JiseTca skpuyuctantoh I,, T. e. yaneH OT HeKOTOpoH reogesuyeckonH IT na 


MOCTOAHHOe paccTosHHe Tt (rme k = — V —Kth VS): C 9KBHAMCTaHTa- 
MM I’. Ha miOOOH NOBepXHOCTH MOKHO CBA3aTb KaCaTeJIbHbIM TOTOK, H30- 
MOp HEIN reowesHyeckoMy. Ha noBepXHOCTH Ke NOCTOAHHOUM KPHBU3HbI NOTOK 
9KBUMcTaHT [, WHkKIMYeCKUE. 

§ 4. AnanorwuHble paccmMoTpeHuaA B MpocrpauctTse JloOayepckoro M03B0- 
JIAIOT JOKa3aTb CJlemyromlee: 

Teopema 3. Bcakut yukauueckuul nomok Ha n-mepHom mHoeooOpasuu 
nocmosnHou* ompuyamenrbnoti KpueusHol —1 npuXnadaencum oOKHOMY U3 CAe- 
Oyroluux mpex munoe: 

1. IIomok usomopqmern o606wexnomy eeodesuueckomy nomoKky (k, = 0). 

2. IIomok u3somopqmen oOo00wenHomy opuuuKauueckomy nomoky (k, = 1, 
Ro =—= QO). 

3. Tlomok usomopden makomy, y Komopoeo nocumenbd S'w nenodeusen. 

K norokaM MepBoro THMa MpHHafexKUT OObIUHBIM reomesuuecKkul (y Hero 
vel, ky = ho S20. = kay = 0); BCE STU MOTOK “OuCHb sia HETO NOxO nds 
(cm. Teopemy 5). Cpemu MOTOKOB BTOpOro THMa Taky!O Ke pOJb urpaeT OOBIY- 
HBIM OpHUMKsMuecKHH NOTOK (v=k,=1; ko=... =Rpz~=0). Tlotoxu 
TpeTbero THMa He SPFOMMIHbI; SprofsMyeckHe KOMMOHEHTbI — TOPb! pa3mep- 
HOCTH 7; BOOOMe TOBOpA, fr =([n/ 2]; Ha KaxKOM TOpe NOTOK HMeeT WHCKpeT- 
HbIM CHeKTp Cc fF OOpasyrtolulHMu. 

Bompoc 0 TOM, K KaKOMy THIY MpHHaWexHT JaHHbIM MOTOK, pellaeTca 
CJIEXYIONLHM O6pa3om: 

Teopema 4. B 2r-mepnom npocmpaucmee KpueusHol —1 yuKauuecKkull 
nomok npunadsencum muny 1, 2 uau 3 6 saeucumocmu om moeo, 6yOem au ki 
MeHbWUe, PABHO UAL OoALWe, 4em 


2 2 2 42 2 
x2 1 ky ke At 4 Rg ky. ++ ke,» 
2 Oot eb teat slime eobyio 2 y 
k ke ks hake. - + Roy 


B (2r-+ 1)-mepHom npocmpancmee ece nomoku c Ry==0 muna 1, a npu 
ko, =0 nomox muna 1, 2 uau 3 6 saeucumocmu om moezo, 6yOem au ki meno- 
we, paeHo uUAU Oonowe vem x?. 
_ § 5. Metonst Hemapuux pabot M1. I. Cunas (4,7), nocBalleHHbIx OO6bIKHO- 
BeHHOMY reojlesH4¥ecKOMy MOTOKY, IPHMeHHMbI MH K OOOOIIeHHOMY. 
Teopema 5. Momox S' muna 1 wa komnakmiom mnozoobpasuu no- 
CMOAHHOU OMmpuYyameAbHOl KpUeUsHeL ABARemcA K-cucmemot (*,’). . Opucde- 
puueckuti nomox (4,7) conpascen S'. 
MoxkKHo cocuntatp suTpomuio (8) noroxa S’. OGosHauum h(k,,..., n—1) 
SHTPONMIO Ha CMHHILY BpeMeHH WHKsIMYecKOrO ToTOKa co cKopocTbio | u 


* Tlo kaxxyomMy JByMepHoMy HalpaBsennw. 
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KPHBH3HaMMH ky,...,Ra_y Ha MHOrooOpasHH MOCTOAHHOM KpHBH3HbI — |. 
Torya 


HE ey =r) == 0) 0; 
rye h(0)=A(O,...,0)—9xHTponua reofesuyeckoro NoTOKa, BbIYHCeHHaA 
B paOote (*), a u(k;, ko, ...,Ra1)—CKOpOcTb JBMXKeHHA B OOOOMIEHHOM 


reojleswuecKOM NMOTOKe, u30MopdHom S’. 
B ywacTuoctu, mpH n= 2 umeem 


h(k) =h (0)sina =h (0) V1 —B?, 


a pH n= 3 unco v2? =x eCTb NOMOKUTEMbHDIM KOpeHb ypaBHeHHA 
re 22 2 
x* + (ki + ka — 1) x + ky = 0. 


B cayaae moBepxHocTH (n = 2), korga k*? — 1, To A +0. Sto naBoguT Ha 
MBICJIb O TOM, 4TO SHTPONMA OpHuNKAMYecKOoro NoToKa / (1) paBHa Hyso. Ilo- 
cneqHee oKa3aHo B. M. Typesuyem (°). Beposxtuo, sHTponHaA m1060ro moTOKa 
Tuna 2 paBHa HyJito. 

§ 6. CnexTpbi reofesugeckoro H OPHUMKIH4eCcKOrO NOTOKOB BiepBble Obliu 
Halen (3, 1°) Ha ocHoBe areOpavueckol KoHcTpyKunuu MV. M. Tenpcdanga 
uC. B. Oomuna; 9Ta KOHCTPyKUMA 3aBHCHT OT HEKOTOPOH rpynnbl G u ee NOL- 
rpymm: KomMmakTHon K, qucKkperHo D u ofHomapameTpuyeckon gt. 

Teopema 6. Ecau epynna G ecmb epynna Oeuxenuti n-mepHoeo npo- 
cmpancmea Jlo6aueeckoeo u K — epynna 6pawenuti (n — k)-mepHoeo 3a6KAUOOGA 
npocmpancméa, mo coomeemcmeyrnuan OuHAmUYeCKaA Cucmema usomOpqHa OOHO- 
MY U3 YUKAUYECKUX nomoKos k-penepoe HA mMHOzoOOpasUuu nocmosAKHOu ompuya- 
MeAbHol KpUususHol; OCOpAaMHO, eCe MaKUe NOMOKU MODKHO NOAYLUMd aMUM Nymem. 

Jloka3aTeuIbcTBO OCHOBaHO Ha CBA3H KPHBbIX MOCTOAHHOM KPHBH3HbI C 
OWHONApaMeTpHYeCKHMH TpyNNaMu ABH KeHHM; COMpAKeCHHDIM TpymnmaM OTBe- 
4aloT H3OMOp(pHbIe CHCTeMBI. 

§ 7. Wutepecholt TonojorMueckoH xXapaKTepHCTHKOM JMHAaMMYueCKOH CH- 
CTeMbI ABJIAETCA rpynma uucem Bpamenua (4,17). UW. M. Penpcdhang u VW. VU. TMa- 
TeluKHH-Lanupo BLIMYHCIHIM 4MCa BpalleHHa TreoflesHuecKoro HM OpHUKJIH- 
yecKOrO MOTOKa Ha MOBEPXHOCTH MOCTOAHHOM OTPHUaTeIbHOM KPHBH3HEI (1), 

Teopema 7. Ecau u3z0mponnoelti nomok na pumaHo6omM mHOeoO0Opa3suL, 
OMAULHOM OM DéeymepHozo mopa u om Obymeltaku K retina, apeodu4en, mo ece 4ucAa 
BPAWEHUA PABHbI HY AIO U NOMOK He UMmeeIN OMAUYADLX OM NocmMosAHHOU Henpepole- 
HbLX COOcMeeHHeix dbynkyut. 

J[oka3aTeIbCTBO OCHOBaHO Ha TOM, 4TO TpaeKTOPHA IprosMyecKoro M30TpoN- 
_ HOFO MOTOKAa OLMHAKOBO YaCTO MpOXOLHT Yepe3 KaKLylO TOUKY B J0OOM Hanpas- 
Ji@HHE. 


MockoscKuh rocyfapcTBeHHBIH YyHUBepcHuTer Tlocrynusto 
um. M. B. JlomoHocoga 26 XI 1960 
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MATEMATHKA 


JI. H. TATEH-TOPH u C. T. MHXJIVH 
O PA3PELUIMMOCTH HEJIMHEHHbIX CHCTEM PHTIA 
(ITpedcmaeneno axademuxom B. H. Cmupxoeoim 24 XII 1960) 


IIpumMeHenve Metoga Puta K HeIMHeHHBIM 3afauaM MpHBOAUT K HEOOXOH- 
MOCTH pelllaTb ‘HeJIHHeHHbIe CHCTEMbI KOHCYHOFO YHCIa ypaBHeHHH C KOHEYHEIM 
YHCJIOM Hev3BecTHBIX. B cratbe JI. ©. Jjapugeuxo (+) Hameyen cnoco6 pemienua 
TaKHX CHCTeM, 3aKJIIOUaIONLHHCA B CBECHHH HX K CHCT€MaM OObIKHOBeCHHBIX JHG- 
cbepeHWHaJIbHbIX ypaBHeHHi. BaxkHaad OCOOeCHHOCTb STOFO METOMa COCTOHT B TOM, 
UTO IIPHXOQHTCA pellaTb 3ayqauy Kouiw Ha KOHeEYHOM TIpoMexKyTKe H3MeCHeEHHA 
He3aBHCHMOH TepeMeHHOH. 

B HacTosileH 3aMeTKe yCTaHaBJIHBaloTCA YCJIOBHA, MOCTeTOUHbIe QA pa3- 
pelHMOCTH Takol 3aqauH Koi, K KOTOpOH NpHBOL,AT ypaBHeHua PutTua. Tem 
CaMbIM OyfeT OKa3aHa pa3peUIHMOCTb CHcTembI PurTiqa. 

PaccmoTpum dyHkuHMoHan f (x), 3aaHHbl Ha JIMHEHHOM MHOXKECTBE, IVIOT- 
HOM B BeIlleCTBEHHOM THIbOepTOBOM mpoctpancTBe H, H ABIAIONIMHCA noTeH- 
wHasiom (?) HeKoToporo onepatopa F (x). . 

Byem mpeqnonaratb, uTo Audpepenunan Tato DF(x, h) onepatopa F (x) 
€CTb PaBHOMEPHO MOMOKUTEMLHO OFpaHHYeHHbIH CHH3Y ONepaTop. ITO 3HayHT, 
uTO CyUeCTByeT TAaKad NONOKUTeNbHAA NOCTOAHHAA y, He 3aBHcAMan OT x HA, 
YTO CHpaBeLIHBO HepaBeHCTBO 


(DF (x, h), h) >| AlP. 


TloctaBuM 3aqayy O MHHMMyMe (yHKUHOHana f(x). Byfem pellaTb ee 
lo MeTony Putila, Wa vero 3aaHMcx TOCJeOBaTeIbHOCTbIO KOOpHHAaT- 
HbIX 3JIEMeCHTOB {X;} H OyNeM HCKaTb MpHOsMKeHHOe pellieHHe B BUe 

n 


- 
Biren > Grxy, CQ; = Const, 
t=1 
Metox PutTia mpuBowHT kK cCJefyiouleH cHcTeMe ypaBHeHHH Jia Koapipu- 
IHeHTAa Q;: 


(DAsOS: dine ees yee eae 2s 
i=1 


re Dj ectb gzuhepenunan Tato dbyHKkwHouaaa f. 
5 n 
Tak Kak [(X) ecTb TloTeHiMal onepatopa F(x), To (Dj iD) a; x:) A x;) = 
2 t=1 
= (F (> a;x;) , x), HM cucTeMa Putita 3anMuerca B BHTe 
t=1 
ML 


(F (>) ax, })x)) 0, fal y2, . 8! (1) 


t=] 
K 9ToH xe cucreme (1) mnpuBoguT merog By6Hopa —TanepKuHa, MpHMe- 
HeHHbIM K ypaBHenuto F (x) = 0. 
Cnenya Jl. ® Jlapupenxo (+), crpoHM HOByIO CHCTeMy, 3aBHCALLyIO OT He- 
KOTOporo MapaMetpa A Tak, 4TOObI mpH A =O pellenHe CHCTeMbI HAXOHJIOCb 
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6e3 3aTpyiHeHuH, a IpH A=1 npeoOpasopannasd cucTeMa mpeBpalitanacb 
B HCXOjIHy!10. OTY HOBYIO CHCTeMy BO3bMeM B Bie 


n 


aj +2[(F (> a;x;) , xj) — a;| =0, =e: (2) 


t=] 


ieee uMeemM a, 0, j= 1,2,>.3..,n. 
/luppepenuupyeM ypaBHeHHA cucTeMBI mo Mapamerpy A: 


= MD [(DF (3 ax, xn) 1 xj) — Sn] =| =0, j=1,2,...,2. (3) 


PaccMaTpHBan CyMMy >. a;X; KaK PHKCHPOBAaHHbI 3JIEMeHT, MO2KHO BBECTH 
t=] 
9HepreTH4ecKoe TpoHsBefenue (°) 


(DF (> a; Xi, xn) ; x;) aero 71 - 


f=1 


Torgla MaTpHily KoaddpunHeHTOB MpH MpoH3sBoxHEIx da, /dd MoxKHO 3amncaTb 
B Bue 


eat x1] [X2, x4] bas {%,» xy] 
er eee “ 
Lat), (tH Xp 35) le oh 


STa MaTpHlla CHMMeTpH4Ha, HM MOTOMyY e€ MOKHO PpaCCMaTPHBaTb Kak 
MaTpHUy KOSPPHUMeHTOB HEKOTOPOH KBapaTHuHOH (popMbl. Bropaa mMaTpuila 
B (4) ecrb maTpuuia I pamMa wHHeHHO He3aBHCHMBIX 9ICMCHTOB X41, Xo, - ~~ 5 Xn; 
WM COOTBETCTBYIOIWad CH KBapaTHuHad opMa MOJOKUTeMbHO ONpeseeHHan. 
TeM 2ke CBOHCTBOM OOJlaqaeT H MaTpuita (4) B cHy Toro, ¥ro OCA]. 
Orcioqa BbITeKaeT, 4TO OnpeszenuTetb A, MaTpHubl (4) OTMHUeH OT HYA TIpH 
Bpeex AG[0,1] uu cucrema (3) pa3peliuMa OTHOCHTeJIbHO IpOH3BOJHbIX 
_da;/dX, KoTopbie 10 dopmyam Kpamepa MoryT ObITb MpeAcTaBJeHbI B BHe 


Sr A ay ay oor) On)y opel, 2 et (5) 
IIpeanosaraem cuJlepyromiee: 


1) (F (S a;x;) , x;) ui (DF (> A; Xi, xn) , x;) CYTb HeIIpepbIBHbIe (pyHK- 
i=1 1 


= 


IMM OTHOCHTEJIbHO 1, Qj,..., Aq, HW MMCIOT MOJIMHOMMabHbIM MOpAROK pocrTa: 
n 
(F (>) a;x;) , x;) < Dm\ Giunta aes Ca)s (6) 
i=l 
n 
(DF (> LO xn] ; x;) MO In Gi Coy eemals Ca)s (7) 


é=1 
209 


B dopmynax (6) u (7) Pm & Pm O603Ha4da}OT MOMMHOMBI cTeleHeH m 
u m—1 coOoTBeTCTBEHHO; #1— HeEKOTOpPOe HaTypaJIbHOe UHCIO. 
nh 


2) VimMeer mecTo oleHKa (DF ( y Qi Xi, h) : h) CHH3y 
i=l 


. “) .\(m—1/2 

(DF (3) ax, h) ,h) >N (> a’) |A\?, N =const. (8) 
i=1 i= 

Vis onenox (7) uw (8) BbITeKaeT ciefyiomlad oneHKa gua A,: 


f n (m—1)/2 
N (> a?) < An < Pn (m—1) (Q4, Qa, ++ 6, Qn); (9) ) 


i=1 


rye N—wHekoTopad MOJOKNTeIbHaA TOCTOAHHAA HW Pn (m—1) — HEKOTOPbIM 
MlOJIMHOM cTeneHH n(m— 1). 
JleficTBUTebHO, 


>) [xi, Xj] ti nas 
(3 af] 3 ntl ms Dee)" De 


t=1 ‘= EI 


oTKya cmefmyeT oneHKka A, cHMB3y. 

JlokaxkeM Tenlepb, 4TO pellieHue cucTeMbI (5) cCyliecTByeT Ha BCeM IIpo- 
MexyTKe O<KA<I1. B kKauecTBe HauaJIbHbIX ycCJIOBHH OepeM 3Ha¥eHHA 
Q;=A,=...=Q,=0, cooTBeTcTByIolIve 3HaveHuIO A =O. SameTHM, 4TO 
MpaBble YacTH CHCTEMbI (5) HEIpepbIBHbI B OOacTH OKA K1, — 0% << aj <0; 
al 2, mits 

pu 4 —0 umeem A, = 1. Bpuepem suucna 66€(0,1), a* < co uw paccmotT- 
puM oOnactb OC A<6, —a*<a;<a’. B 9ToH OOnacTH yOBNeTBOpAIOTCA 
BCe YCJIOBHA TEOPeMbI CyIUeCTBOBaHHA, HM, CeLOBaTebHO, CucTema (5) uMeeT 
eIMHCTBEHHOe pellieHHe, yOBJeTBOpArIOnlee eel ycCJIOBMIO, HM ompeye- 


jleHa B DpomMexytTKe OCACA, h=min3;6,——; , M = max|gj|. 
= J 


Ilyctb nuph A=h/2 OyneT a, = Gea = a. PaccmMoTpum jlasiee 
oOsacTb 
hf2a<A< 1, —co<ma<oo. (10) 
Jloxaxem, 4TO B STOM OONAaACTH CYyUleCTByeT E€MHCTBEHHOe pellieHHe CH- 
CTEMBI, YOBJIETBOpAIONee HaYabHOMY YCJIOBHIO 


Wet Terrence ic BPD GS aie (11) 


V3 ovenox (6) — (9) BbiTeKaeT, 4TO MpOM3BOAHbIe Og;/Oa; OrpaHWueHbI B 
o6macru (10), a Torgqa, KaK M3BeCTHO (cM., HallpuMep (°)), cymlecTByeT eqHH- 
CTBeHHOe pellieHue CHCTeMbI (5), yROBJIETBOPAIOMee HavaJIbHbIM ycOoBusM (11) 
WM ompefesenHoe B npomexytke h/2<A<1 

Tenepb CHO, 4TO cucTeMa (3) HMeeT pellleHHe, ompefemeHHOe BO BCeM 
NpOMexyTKe 0 <h X<1 4 yoBAeTBOpsIoulee HadabHbIM ycnoBuamM A =O, 


ehces (Oh aaa ee , 1; OTCIOfla BbITeKaeT PaspelUMMOCTb CucTeMBbI P uTIla (1). 
JleHwHrpagcKoe oTfemeHHe Tlocrynus0 
Matematuueckoro uncTutyta um. B. A. Crexmosa 20 XII 1960 


Axajemuu Hayk CCCP 
UHMTHPOBAHHAS JIATEPATYPA 


1]l.®. Tasugeuxo, JIAH, 88,N4 (1953). *®M.M. Batiu6epr, Bapua- 
UMOHHBbIe MeTOMb HCCeAOBaHHA HeHHeMHEIX onepaTopos, 1956. %C.T. Muxaun, Ba- 
PHallHOHHbIe MeTObI B MaTemaTHyecKoH tbusHKe, 1957. 4 Jk. Caucone, O6tiKHOBeHHEIE 
Audepeniualbuble ypaBuenusn, 1, UJI, 1953. 
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Jornaagn Akagemun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


B. Ii. PPOMbIKO 
OB OJHOM TIPH3HAKE CHEWMAJIBHOCTH xnd-rPYNN 


(ITpedcmaeaeno axademuxom A. H. Maaoyeeum 29 XII 1960) 


§ 1. Yszectuo, uTo xopomio u3y4eHbI Te KOHeCUHbIe PpyiMbl, y KOTOPbIX Bce 
HCTHHHbIe MOLTpyiibl HHBapHaHTHb!. EcTecTBeHHO MOSTOMY MpOH3BOAHTb TaJIb- 
Helilee HCCIeqoBaHve rpynn, KNaccupuuupyaA UX NO 3Ha4eHHAM 4HCMa KNac- 
COB COfepKallMxcA B Tpynme HeHHBapHaHTHbIX NOsrpynn. 

Tpyntibl c 3afaHHbIM 4HCJIOM KaCCOB HeEHHBapHaHTHbIX MOArpynml uccmejo- 
Bauch O. IO. Umuztom (?,?), J. Curan (°, 4), TI. UW. Tpodumossm (5, °), 
VW. Cenom u H. Mo (’, §). U3yaenvem cBolictBrpynn c 3a,aHHbIM 4HCJIOM Kslac- 
COB H€HHBapHaHTHBIX MOApynn, MOPpAAKH KOTOPHIX “JleIATCA, MO KpahHel mepe, 
Ha OHO TIpocToe 4HCNO H3 ZaHHOTO PUKCHpOBaHHOrO HeMycTOrO MHOMKeCTBAa 
I~ MIpOCTHIX JeuTeIeH NopAqKa rpynmpl (TaK HasbIBaemble Wd-nogrpynmyt (°)), 
3aHuMasica E. H. Toponos (?%). 

B HacTosieH paOoTte HaMH mposommKaeTca UccMesoOBaHve BIIMAHHA “CIA 
KJIACCOB H€EMHBapHaHTHEIX Wd-nosrpynn rpynnbl G np ZaHHOM 4ucue pa3sin4y- 
HBIX IIPOCTHIX M-euTeIeH MOpAAKa Ha ee CBOMCTBa H H3saraloTcA JabHel- 
IuHe pesyJIbTaTbI B STOM HalpaBseHHH. UacTHbIMH UX CJIyYaAMH ABJIAIOTCA TeO- 
pempt 3—9 paootzi (*), Teopempr 1—4 paG6orni (1°) uw pesyubtatH O. IO. Limuazra, 
OTHOCALHeCA K paspeuIMMOCTH rpynn c OHM H AByMA KJIaccaMH HEMHBapHaHt- 
HBIX Mogrpynn (}, ”). 

§ 2. IIpupenem ucnomp3yemble B JaHHOH padore o6o3HayeHHA, MOHATHA 
H OMpemeyieHHA: M — HeEKOTOPOe HeMycTOe MHOXKECTBO MPOCTHIX uNCe; G— Ko- 
HeqHad rpynna nopsqka g = mn, rae m > 1 — HanOonbuMh m-cHIOBCKHH 
RenutTetb (14) nopanka g, an > 1, npyuem n = gi! gi ah see N g’” — KaHOHHye- 
cKoe pasoxKeHHe B Cyuae n > 1; nd-rpynma (md-nogrpynna) — rpynna (noz- 
rpynma), mopafzok koTopo# enuTca Ha HeKOoTOpoe pEx (°); ¢ — 4ncIO 
Pa3JIM4HBIX MPOCTHIX M-LeuTeeH NopAyKa, a 7 — YHCO K/aCCOB HeHHBapH- 
aHTHBIX sd-nosrpynn rpynnp G. 

Onpexeneunue. Tlonoxum r— ¢ =x. Torga uucna r ud + 2 Ha3o- 
Be€M COOTBETCTBCHHO 3-paHTOM H I-THMOM rpymmb. 

Takum oOpa30M, xd-rpynmbl MOKHO KsaCCHPHIUMpOBaTb NO 3HAYeHHAM HX 
m-paHTa WM 0-THMAa. 

Jima HecheuvaibHHIX rpynm, mo semmMe Tpodumosa — Toponosa (°, ?%), 
yuci0 hk > — 1. Ilostomy, ecu 1-TuN rpynnbl He OoIbINe HYJIA, TO OHA ABUIAET- 
ca cnelwaibHol. [pynnbi xe, HMeIOUlHe MOMOKUTeCIbHbIe 3HAYCHHA N-THNA, 
MOryT ObITb KaK CIel\HaJIbHbIMH, TAK HM HeCIeWMaJIbHbIMH. 

Vrak, OCHOBHbI€ NOJy4eHHble HAMM pe3yJIbTAaTbI MpMoOperaior ceqyouni 
BHD: 

Teopema 1. Bcaxaand-epynnaG x-muna | seasemca paspewumol (3*). 

Teopema 2. Beaxan nd-epynna G x-muna 2 seasnemca paspeulumol. 

Teopema 3. Bcskxaa nd-epynna G, y Komopot m == p (p — npocmoe 
4UCNO), ABANEMCA TM-pa3zpeutmot. 

IIpH MoKka3aTempcTBe 3THX TeOpeM HaMH OBbWIH UCMOMb3OBaHbI TeOPeMbI 
O. 1O. IWmuzra (?), Bepucaiiga (1%) u «cnoco6 nepecegennii» I. MW. Tpodumo- 
Ba ((°) memmpl 11) saBAaIONIMCA TabHeHIIHM pa3BHTHeM Tak Ha3bIBaeMOro 
«MeTOJa KOMMO3HQHH nNolrpynm. 
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Onupascb Ha Teopemy | u Teopemy Xosua (*), nowyaaem cieqyroulyto TeO- 


eMy: 

: t eopema 4. Ecau G — necneyuanonan nd-epynna n-parea, Ooroueco 1, 
mo ee N-mun He MeHowe 2. 

Vicnomp3ya Teopempr 2, 4, Teopempst ©. Xomia u C. A. Uynuxuna (*), 
loulyuaem Teopemy: 

Teopema 5D. Ecau G — necneyuanonasn nd-epynna 1-panea, Oorvwueco 3, 
mo ee 1-mun He mMeHowe 3. 

Jlemma. Ecau G—necneyuaroxan nd-epynna n-panea, boroweco 3, un-muna, 
paerozo 3, mo oxa codepocum MOAbKO OOUH KAACC HEUHEAPUAHMHbLX CUAOBCKUX 
atd-nodepynn. 


OcHoBbiBadcb Ha 3TOM sIemmMe, Teopemax 3, 5 uw Teopeme C. A. Uynuxuua, 


IIpHXOAHM, HaKOHel, K csleqyromeH Teopeme: 

Teopema 6. Ecau G — necneyuanonaa nd-epynna n-paxea, Oonreweeo 4, 
mo ee -mun He meHouwe 4. 

Vis sToii TeopeMbI MOyyaeTcA Takoe BeCbMa Ba?KHOe: 

Cnenctseue. ad-Tpynnst x-Tunos 1, 2 uv 3 np m-panre, Oombuiem 4, 
ABMAIOTCH CIellHaJIbHbIMH. 

SHayeHHe STOFO pe3yJIbTaTa BHAHO 3 TOFO, 4TO AWA TAaKUX TpyM B HallIHx 
UpelbylyuyAx Teopemax |, 2, 3 moKa3aHa TOJbKO HX paspelMMocTb HK 0606- 
WleHHaA pa3pelIHMOCTD. 

BosHukaer oOmlee mpeqmomoxwKeHve, YTO JIA BCAKOFO  MOKHO yKa3aTb Ta- 
Koe fo, TO BCe IpyNMbl N-THNa NM W-panra, mpeBocxosamero fo, OylyT cie- 
IMaJIbHEIMH. 

B 3aK104eHHe HaCTOALLeH CTATbH CUHTAIO NPHATHBIM JOJIFOM BbLIPasuTb Ty- 
6oky!0 OsarosapHOcTh MOeMy Hay4HOMY pyKoBoguTemo 41.-kopp. AH BCCP 
C. A. Uynuxuny. 


Benopycckui HHCTHTYT HH KeHEpOB Tlocrynuno 
7KeNe3HOLOPORHOFO TpaHcnopta 7 XII 1960 


UMTHPOBAHHAA JIATEPATYPA 


10.10. Ul mu gat, Matem. cOopn., 33, 161 (1926). 2 O. IO. IImugzt, Tp. cemunapa no 
Teopuu rpynn, M., 1938. 3D. Sigley, Ann. of math., 41, N4 (1940). 4D. Sigley, 
Duke Math. J., 1, Ne 4 (1935). © Il. WH. Tpogumos, JAH, 36, Ne 6 (1952). 
STI. HW. Tpogumos, Mateo. c6opu., 33 (75), Ne 1 (1953). 7 N. It 6, Acta Sci. Math. 
Szeged, 16 fasc. 1—2 (1955). 8 N. I1t6, J. Szep, Acta Sci. Math. Szeged, 17, fasc. 1—2 
(1956). ®C.A. Uyuuxuu, Martem. cOopn., 4 (46), 3 (1938). 1° E.H. Toponos, 
Yu. 3an. Benopycck. HHCT. HHK. *K.-1. TpaHen., B. 2 (1958). M@C.A.4yuuxun, Marem. 
cOopH., 25 (67) (1949). 1 B. Il [pompuxo, Yu. 3an. Besopycck. uHcT, HH. 
*K.-q. Tpaucn., B. 2 (1958). 1 O. IO. Wimugt, A6cTtpaktHaa Teopua rpynn, 1933. 
a a Aen J; Lond. Math, Soc., 3, 98'(1923)n to Gee Ae. Ul yonermex i UAT 3, 
NOEL ZS Ne 
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JWoxrnagn Akazemun nayrxr CCCP 
1961. Tom 138, Ns 2 


MATEMATHKA 


ry JIAHb-KYHb 


O TMOBEXEHHWH PEMMEHHS SAMAUH CTE®AHA 
NPA HEOFPAHHYEHHOM BO3SPACTAHHH BPEMEHH 


(IIpedcmaeaexno axademuxom H. IT. Iempoecxum 2 I 1961) 


B wacToslel 3amMeTKe H3yyaeTCA ToBeseHve pellieHua 3ayauu Crecbana 

¢ ycoBpvem Kou fia napaOonmyueckoro ypaBHenus mpu too. Jina ypas- 
He€HHA TeMMONPOBOMHOCTH aCHMMTOTHYeCKOe NoBeweHHe pH t-—> oo pellleHHs 
3anaua CrebaHa c KpaeBbIMH YCNOBYAMH ObIIO paccmMoTpeHo B pa6ote (?). 
_ Sajlaay CrectbaHa c ycnopuem Kou crapum caefzyroulumM o6pa3om: HaliTu 
cbyHkuun s(t) u u;(x, t) Takne, 4To u;(x, t) (i = 1, 2) orpaHuuenbl u Hempe- 
Beret smeemoosactax | D:(D, = {x<_s(t),t > 0} u Ds = (x est), ft 20) 
BCIOy, 3a HCKJIOUeHHeM, ObITb MOxeT, TOUKH (0, 0), HMeIOT MpOH3BOHbIe 
Ou;/Ox, 0°u;/O0x*, Ou;/Ot B D; H yROBeTBOpsAIOT ypaBHeHUIO 


Ou; Ou; Ou; 
L; (ui) => + Bi (x, t) > + Ci (x, t)u;— A; (x, t) > = (9) B D; (1) 
WH yCJIOBHAM 


Bu, (x, 0)=@,(x)<0 npu «<0; tie (x1 0)i= 2%) 0 mpwie 052) 
| a 
ui (s(t), t)=0; (F—F2) 


‘rge A;(x, t)>>a>0; C;(x, t)<0; A;, B;, C:;, 9; — MocTaTouHO raafKue u 
orpaHuyenubie (yHKuuH; s(t) — audpepenuupyemaa dyuHKuua, s(O) = 0. 
Mcnoip3yai MpHHWun MaKCHMyMa, JlerKO OKa3aTb JiemMMy (cM. (*)): 
JlemMa. []ycmo y(t)— Ougdqepenyupyeman dynkyun, v;(x, t) (i= 1, 2) 
OepanudeHhlL u Henpepoienot 6 obnacmax Q,; (Q) = {x< y(t), t > 0}, 
—Q, = {x > y(t), t > 0}) ecrody sa uckaouenuem, beim moscem, mouKu (y (0), 0), 
npusem V;(x, t) umerom npouseoduolte OV;/dx, 0°V;/Ox*, OV;/Ot @ Q;. Iycmo, 
Oanee, u;(x, t), s(t) aenatomca pewenuem 3adauu (1)—(3) u LiVi)<0 6 
#22, (i= 1, 2), 


_ ds (it) 
zas(f) ak (3) 


Bi, (i, VV. (x, 0) npu x<y(0); ° we (x, 0)<Va(x,0) npu x>s(0): 


: 2 Oe CLL 
Viy@,)=0; SP <(—F)_ jy Me ONT, 
“wu nycme cytwwecmeyem ty) >>0 maxkoe, umo y(t)<s(t) npu O<t<to. Toeda 
inpu ecex t€(0,T) umeem mecmo nepasexcmeo y (t)<s(b). 
OuepufHO, ITO CCH U3MeCHHTb 3HaK HepaBeHCTB BCeX YCJIOBMM JIeEMMBI, 
‘TO nomy4uuM cooTHoUeHHe y(t) > s(t) npn tE(0, T). 
Ilonb3yacb MeTojiom nofzoOus (cM. (°)), MO%KHO MOKasaTb Clefyroulee Mpes- 
_JlO*KeHHe: 
Teopema 1. Pewexue ypaenenun 0°u;/0x* =a?0u,/0t Cc ycaoceuamu 
Uy; (x, 0) =u_<0 npu x<0, ug (x, 0) =u, >0 npu x >0 u ycaoguamu (3) 
umeem eud s(t) =o%Vit u 


1 1(x, t) = u_ferf (a; %9/2) — erf (ax/2V t)I/[1 + eri (aito/2)] npu x<s(t), 
5 (x, t) = u, [erf (a, x/2 V t) — erf (a_0%o/2)]/[1 — erf (a2%9/2)] ip he Sh, 
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| 
5 


edemeri(<)) = i \eeab; Oy — KOpeHo ypaenenus 


0 
— aja?/4 —aia®/4 Va 
: awe Apt, € aVre " 
F(a; U_, Uy; Gy, Qs) = 4+ erf (ay/2) ite 1 — erf (aga/2) i oe ae 0. 


Jlerko BHJeTb, YTO F,>0 HW <0 mp au_+a,u,>0; a >O0 pH 


ayu_+ au, <0. 
Teopema 2. JTycmp u;(x, t) aeasiomca pewenuem ypaenenus L; (u;) = 


= 0u;/0x? + B;(x, t) Ou;/dx — A; (x, t) Ou;/Ot =0 ¢ ycaosuamu (2) u (3) u 


Kosp@uyuerme. A; (x, t)—>aj, B;(x, t)= o(1/Vt) npu t—>oco pasnomepxo 
no x. Ilycme xB;(x, t)>0 npu |x|>%, 20e X%) >O—nekomopaa nocmo- 
annan. Toeda, ecau ,(x)—-u_<0 npu x—->—oo U gp(x)—-u, >0 npu 
X—> 00, npuuem a,u_-+ a,u, >0, mo ON Siete u oy Saas 


plete eo t) = wu, erf (aq | & | / 2) /[1 + erf (ay | a] /2)) = U,. 
Jloka3satTembcTBo. B cuany ayu_-+a,u, >0 wMeer mecTo % <0 HX 
F (04; U_, U,3 G,,Q:)<_0, THe &—=%—e wu #e >0. Tlocrpoum ynknnA 


y(t) =%Vti—N u 


f 2) —erf N)/2V¢ 
Y, x, t) — (u_ + yaa ae + £0 (Xx, t) 


mpu x< y(t), 
f N)/2V t)—eri 2 

Ve (x. t) = (u, + 32) + €0 BS t) 
npu x > y(t), 


—ba2 
rae e2 = a2 — €, H U(x, t) =e -® TN) _e 1, Bui6epem 8 HacTObKO MaJIbIM, 
i i 3 


qTo6p! L;(v) << —[y + 20 (x + N) B;] exp(—8(« + N)?/t)/t, rae y > 0 — no- 
cTosHHad M §< min (a2/8, a2/8), IIpuH stom 


oe yA =) © ies 4 ey (u_ ob 3&1) é vee ae eo (uy + 3&1) é aes | 
Ox Ox/x=y(t) Wut 4+ erf (e102/2) 1 — erf (€201/2) ; 


L, (Vi) = 
= =a + 38)) | Ac (x. t) —e2) ZEN 4 Bu aI — ef EN )Y/At 
Vait pert Goi tS at aay ey 
L, (V2) = 
ep (uy + 381) ere ene) | — ef (x--N)/at 
Vx [1 —erf (ex04/2)] (A (2 a a sie 
Cuayaja BbiGepem &, > 0 u &, > 0 TaKne, uTo u_ + 3e, <0, F (a; u_+3e,, 
U, + 381; €1, €2) <0 uw e,< min (a?/2, a2/2). Ilotom sBpi6epem &, >0 jocta- 
TOUHO MaJbIM uU k>O OonbuMM, 4TOOH 28, — ee >0 u (u, + 38,) x 


x [ert (exf / 2) — erf (ep0%/2)] / [1 — erf (e941 /2)] + es (e-™ —e °) Su, + 
asa TaKMX €, &, &,9 H & yMeHbINIMM &€3 TAK, ‘uTOObI €g (u, + 3e8,) (1 +) X 
x 83/V a[{1 —erf (€20/2)] — e; (u_ + 321) &/Vm [1 + erf (e:04/2)] + 2e0kes< 
< ey. Kpome toro, Bce &; BO3bMeM Tak, ¥TOOLI €;—>0 mpu e—0. Jina mo- 
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— 0a? 


ata Py (v), | 


ObIX &, H &3 B CHAY ycnoBua xB; (x, t)>0 mpu |x| > x, Kak B (*), MOKHO 
HaiTy taxoe T>0, xto = up(x, t)<u,+2e8%,-|A(%,t)—@l|<e, x 
| B; (x, t)|<e3/Vt npu t>>T. Jina taxoro T umeem: u,(x,T)<u_+e 
npH x<—N, rae N > 0— goctatouno Gompuioe u Takoe, uTo — N <s(T) 
u N >x, (cm. (*)). aa mpoctotst cuutaem, uro 7 =O. Torga merKo mpo- 
BepHte,, aTO V(x, 0) >u,(x, 0), V.(x, E)| on VF en es 3) Sees ate 
Vi(y (¢),t)=0, (Vi) 0x — OVs / OX)x—y ty > Ay (t)/dt a Ly (Vi) <0 npu 
x< y(t), Le(V2)<0 upu y(t)h<x<kRVi—N. Orcwoga nerko Buserb, 470 
s(t)>y(t). Cnenosatenbuo, lim ue(x, t) < lim V2 (x, t) = (uw, + 381) x 
too t>00 


=e 
x ert (@.|0,|/2)/[1 + erf (e.|o1|/2)] + e2.(1 —e : 1), Tak KaK & MpOW3BOJIb- 
Hoe u €;->0 npwe—O, To limu,(x, t) << U,. Ananornu4Ho MoxHO oKa3aTb, 
t>0o 


ato lim u(x, t) > U, u lim s(t) = — 00, 
tops t-+00 

Ecau B;(x, f)=O(1/Vt), To Tteopema 2 Mmoxet OKa3aTbCA HeBepHOH. 
JleicrsutenbHo, BosbmMem A;=1, B,=0, Bz, =f (x/2Vt)/ Vt, Q=0 H 
Po =1,.rge f(z) =O npn z>1; f(z) =2z—2 npu 0O<z<1; f@Z=—2 
mph z<0. Torga s(t)=o,Vt, Nila (X58) = OS Sy Ota Vb — 


— D(o4/2)/[D (co) — O(a,/2)], rae D(x) = \exp (— 2? — G(2)) dz, G(2) = 


0 
x 


=A \ f(x)dx,a,— KkopeHb ypaBHeHua exp (— a?/4 —G (a/2))/[D (co) — 
—  (a,/2)] +a-=0Q. Jlerko npopeputb, uro lim uy (x, 1) U,. 
t—-co 


Teopema 3. /Iycmb u;(x,t) seaniomca peulenuem s3adaut (1) —(3) 
u  Koasppuyuenme A;(x, t)—>a?, B;(x, t)=o0(1/Vt) npu too pasno- 
mepHo no x, npusem xB,(x,t)>0 npw |x| >X%, Ci(x, t) =0, Co(x, t) < 
<—C<0. Toeda, ecau 9, (x) —u_<.0 npu x—> — co U Gg (X) Oepanusena, 
mo lim s(t) = cc u lim u,(x, t) = u_eri(a,o,/2)/[1 + eri (aya, /2)] = U_, ede 
too t—-co 


a, — KOpeHb ypaenenun F (a; u_, 03 ay, a.) = 0. 

Ham jlocTaTouHO foKa3aTb, 4TO U2(x,¢t)<e, pH x >s(t) u tST, 
Tak KaK JlaJibHeliliee JOKa3aTeJIbCTBO MO2KHO MPOBOJHTb TaK Ke, Kak Hi 
B Teopeme 2. J|na atoro noctpoum dyHKunH wz, (x, t) = Me + us (x, t). 
Torga L, (wi) = M(A2 (x, t)6+ Co(x, t))e? C0 upu x >s(t), wx (x, 0) = 
=M+Q2(x)>0 u wi(X, t)|xas(t) 20 UpH MocTaTOuHO Masiom @ H 6onb- 
mom M. Ilo npuuuuny MakcumyMa cylepyer, 4TO | uy (x, t)| < Me—*, orxyna 
ayy es, UpH.x >s(t) u tT. 

Teopema 3 cnpaBeasimBa H B TOM cyydae, Kora A(x, ¢t) Hu Bg (x, Zt) 
TOJIbKO OrpaHHYeHbl. 

Teopema4. [Tycmo u;(x, t) Aeantomca peuenuem 3adauu (1) — (3) u Koag- 
guyuenmo A; (x, t) — ai, Deeet) =o (1 / Vi) npu t—> oo paeHomepHo no x, 
Wiideumes (x,t) =< —)< 0, xB,(x, t)>0 npu |x| 2%, CG, 2)e=0, 
C(x, t) <0. Toeda, ecau g(x) u_<0 npu x» — co U G2 (x) oepanuena, 
mo lims(t)= + co u Aiton ty=U_. 

t+co CO 

Kak B Teopeme 3, MOcTaTOYHO NOKa3aTb, 4TO AMA MOOoro €, >O0 cnpa- 
BeJJIHBO HepaBeHCTBO U(x, t)<e, upu s(t)<x<k i Ny t ST) rie 
k > 0—jocratouno Goupitoe wncn0 H N >O. [na storo noctpoum dyaKunu 
w+ (x, t) = Me@—) 4. uy(x, t). Torna Le (w+) = M (6? + 7A, + B,6+C.)x 
Kel) <0, wa. (x, 0) = Me™ + Qa (x) >O0 mpn x>0 H we (X, Z)|ras(t) > U 
pH focraTouHo Masbix 8, y H Compuiom M. Orcioga nonyauM | ul, (x, t)|< 
<.Me—*), CneqopatenbHo, us (x, t)<e, mpu s(t)< x<kVi+Nu ited be 
‘Sra TeopeMa cnpaBeqinBa H B ciyyae, Korga A(x, ¢) TOMDKO orpanuyena. 
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Teopema 5. //ycmo u;(x, t) aeantomca peulenuem sadauw (1)—(3) u 
Koam@muyuenmol A, (x, t) => Gi, WAG th =o(1/VE t) npu t—»oo pasHomepHo 
no x, npuwem xB; (x, t)>>0 npu |x| Sx, C,=0, C20. Toeda, eenu 
gp, (x) > u_ <0 npu x—>— oo u a(x) 0 npu x— at oe, mo lim s(t) = co 


toca 


Balin (x, 1) UL: 


too 
Teopema 6. Jas a 3gadauu (1)—(3) cnpagednueot cacdyrousue 
ymeepocdenusn: 1) oe s(t) = + ©, Ae thy. (X 0) == eca Ga 0, Dita yes 
t+ 
<—b<0, g(x ; sath npu x—> — 00; 2) fue s(t) =— x, Ub la (%, @) =a 


ecau.C, = 0, B; (x, t) b> 0, g(x) u, npu x00; 3) ‘Tim U(X, es Ol 


ecau C;(x, t)<—C<0 um By (%, t) 20, >0, Bal(x, I< die) 0. 

JloKasaTembcTBa Teopembl 5 Hu 6 CXOJHBI C OKasaTebCTBAMH TpesbiLy- 
IHX TeOpeM. 

MoxHO pacCMaTpHBaTb ooobileHHoe pelleHHe 3agaun (1) — (3). [aa sroro 
Hanmuem (1)—(2) B Bune Ux, + B(x, t, u)ue+C (x,t, u) = A(x, t, wu; u 
u(x, 0) = up (x). Henpeppipuyto er (by HK u(x, t) Gymem Ha- 
3bIBaTb OOOOMIEHHBIM pelleHHem 3ayauu (1)— (3), ecm AA BCAKOH Hempe- 
pbIBHO udpepeHuupyemon cyHKunn /(x,¢), paBHOH HyJIO BHeE HeKOTOpOM 
KOHEUHOH OONacTH, u(x, t) yOBMeTBOpAeT paBeHCTBY 


\\ Eee Oh Boer. He ea'G, t,u)f+ @(x, t, u) Stax de — 


t>0 


ee \ @ (x, 0, uy (x)) f(x, 0) dx = 0, 


u 


rye © =| A(x, t, w) du TUPI ee <1, @=\ Adu mupy wu>O0O, Bo 
0 0 é 


=| Bu, Pp) Ou Me Gea) C (x,t, u) +\ SF du—|F au. Ecam mpey- 
0 0 0 


MOJIOKUTb, TO U(X) HMeeT O6OOMIeEHHY!IO TpOH3BO,HYy!O, CYMMHpyemylo 
¢ KBafpatoM, C,(x, t)=C,(x, t)=C(x, t), To, Kak B pa6ote (°), MoxHO 
JOKa3aTb, TO CYLIeCTByYeT eNHHCTBeEHHOe OGoOOWeHHOe pellieHHe 3aauH 


(1) —(3). Sro pemeHne MOXKHO NOJyINTb Kak Hpemet mpH h—O paBHo-— 


MepHO CXOjAmlelca MoceAOBaTebHOCTH pellieHHi 3amauH Komwm ja ypas- 
HeHHA wey + B(x, tu" ut + C(x, thu" = Of (x, t, uw") uf cycnoBuem ut (x)= 
= up (x), rae B’ u ©" —cpenune cbyuxunu ot B u © coorseTcTBeHHo, 
uh (x) — cpenusasa tbyHKUMA OT Uy (x) (cm. (*)). MoxkHO J0Ka3aTb, ¥TO Teopema 2 
npu A; (x,t)=a?, B;=U, Teopempt 4 u 5 npn C,(x,¢)=0 nu Teopema 6 
mpH C,(x, t)=C,(x, ft) cupaBeqmBbl WH AA O6COMleHHOrO pellieHHs 3a- 
naun (1)—(3 

Bpipaxkaio HCKpeHHIolO OsarofapHocTb O. A. Onetinnuk u A. M. Unpuny 
3a MOCTAHOBKY 3aauH HM CHCTeMaTHUeCKYIO NOMOLLb B 3TOH padore. 


Tlocrynusio0 
28 XII 1960 
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Mokxaagm Axkxayenun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 
A. ©. JABUEHKO 


-K BOHPOCY OB OWLEHKE NMOrPEWIHOCTH Ph PEWEHHH 
METOHOM CETOK 3A A4H JMPHXJIE QJIA YPABHEHHSA JIATIJIACA 


(ITpedcmaeaeno axademukom C. JI. Co6onesom 17 XII 1960) 


OueHKu NOrpewWiHOCTH pH pelie€HHH MeTOMOM ceTOK BHYTpeHHeH 3ayaun JIu- 
puxie Wid ypaBHenun Jlansaca u [lyaccona, nonyyenupie BnepBpre C. A. Tepu- 
ropHupim (1, 7), a 3aTeM HM APyrumu aBTopamu (cM., Hanpumep, (?~*)), coxepxKaT 
BeJIMMMHbI, 3ABHCALIHe OT HeH3BECTHOrO TOUHOTO“pellleHHA, ATO CYILeCTBEHHO 
3aTpYAHACT UX MpakTHuecKoe mpHMeHeHHe. C. JI. Co6ones oOpaTu Hale BHH- 
MaHHe Ha TO, 4YTO MOXKHO NOJYYNTh JOCTATOUHO TOUHbIe OICHKH Yepe3 BeHIMHE, 
3aBUCHIHe OT MpHOJIWKeHHOTO pellleHus. 

1°. Ilyctb B HeKOTOpOH n-mMepHoH OGnacTu D c rpannuelt S paccmaTpHBaetcs 
ypaBHenne Jlansaca 


Au = >) Zeta (1) 


C PpaHH4HbIM yCJIOBHeM U\s = f. 

[Ipumenenve meToga ceTOoK K pelleHwio ypaBHeHusa (1) 3aKstouaeTcCH, Kak 
H3BeCTHO, B CuIeLyroulem. Crpoum B OOsacTtH D HeKkotopyio ceTKy c wWarom A 
HM 3aMe€HAeM B y3JIax 9TOH ceTKH OnepaTop JIanmaca A HeKOTOpbIM NpHOHKeH- 
HbIM pa3HOCTHbIM onepatopom A; c TOUHOCTHIO annpoKcuMalHH, cKaxKem, R (uw), 
T. €. moslaraem 


Anu = Au + R(u). (2) 


[lycTh uw — TOuHOe pellieHHe ypaBHeHHa (1), a U, — 4NCVIeHHOe peuieHHe 
pa3HOCTHOrO ypaBHeHHA 


AnUn=0,° Vals =f. (3) 


n 


, 


Ilocrpoum B o6actH D + S HekoTopyi0 PyHKUHIO Up, ABJISIOULYIOCA MHTep- 
NOJIAMMOHHOK PyHKUHeH AIA Vp, T. €. COBMANAIOWLY!IO C V,_ B Y3IaX CeETKH O6- 
siactu D uw yoBeTBOparoulyio Ha rpaHHue S ycsoBHi0 


Un [oo fe 


Lleabro Hallie 3aMeTKH ABJIAeTCA OW€HKA MOPpeuiHOCTH, KOTOPyi0 MBI JO- 
nycKaeM, pelliad BMecTO TOUHOrO ypaBHenua (1) npHOnmKeHHOe ypaBHeHne (3), 
yepe3 BeIHUHHbI, 3aBHCALMe OT HHTePMOJAWHOHHOH (byHKUHH dp. 

Hoke Mbl OyfleM onupaTpcesA Ha CJleqyrou\ve TeopeMbl. 

Teopema 1. Ilycme 6 n-mepHot abaacmu D c epanuyeii S onpederenot 
O6ee ynkyuu Uu, v, npUuXumaroWUe Ha S OOHO U Mo oKe 3Na4enUE f. 
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Ilycme, Kpome moezo, @yxkuyua u nenpepoiena @ D +S u eapmonusecnaa 
saympu D, a dynkyua v nenpepoena @ D +S emecme co céoumu npouseod- 
HolmMuU OO BMopoeo NopACKA eKUOLUMeAbHO, npusem 6 oOsacmu D 


[Ao|< FF, £ = const. 


Tozda exympu D umeem mecmo Hepasencmeo 
{ ed 
(i 01 = 7 Ee, eae Le’ 


2de a, (v=1, 2,...,n)—noayocu n-mepxoeo anauncouda L, 3aKatouarowyeeo | 
6 cede obaacmo D. 
IIlpH oKa3aTeJIbcTBe TeOPeMbI NOJIbSyeMcA BCHOMOraTeJbHON yHKWLHeH 


Pure ote a 
2iNas Xo, von) = TE (1 >) = eee || 
a, 
v=] 
re Xy (v= 1, 2,...,) —KOOpaHHaTHI cpeqHeH TOUKH 2INHTCOHAa L, UH 
cBOHCTBaMH Cy6- HM CyleprapMoHHyecKkHX dyHKuHH (°). 
Cneazcetpue teopempi |. Ilyctb B Teopeme | BMecto rapMoHuyecKor 
(byHKUHH paccMaTpHBaeTca (PyYHKILMA uu, YOBMeTBOpAIONan B OOnacTH D 
ypapHenuio Ilyaccona 


Au = (Aaa eo (4) 


rye PyHKUHA @ HeMpepbiBHa B D+ S, 
Torta BHyTpH D BbInonHsAeTCA HepaBeHCTBO 


| Ue, | << VE, 
rye 
Ey, = maxj|@g— Adi. 
Deas 

Teopema 2. /Iycmo 6 obaacmu D onpederenot Oe dynkyuu u, v, npu- 
nuMmarolue Ha epanuye S amoti obaacmu 3Hauenua f,, f, Coomeemcmeenno. 

ITycmo, Kpome moeo, @yxtkyusn u nenpepoilena 6 D+-S u eapmonuyeckan | 
eHympu D, a dyxkyus v xenpepoiena @ D+ S emecme co ceoumu npouze0d- — 
HolMuU OO BMOpO20 NOPAOKA BKAWOUUMEeNbHO, Nputem 


(Ad \ <6 Ee Gs ie const: 


Toeda 6 o6aacmu D cnpasedaueo nepasencmso 


n 
# 1 u 
— & — = a 
ju—ol shee = 2D 
20e © =max|/,—/o{; a (v=1,2,..., 2) —noayocu n-mepHo2o aaauncouda, 
Ss 
sak uowaroujeeo 6 cede OOnacme D. 

IIpu WokagaTebcTBe STO TeOpeMbl OMHpaemMcaA Ha Teopemy | u HOVIb- 
3yeMCH TeOpeMOM MaKCHMYMa TrapMOHHMYeCKOH *yHKuHH (1°). 

CnueactBpue Teopemb 2. Ilycrb B Teopeme 2 BMecTo rapMonnueckoli 
(pYHKIHH paccmaTpHBaeTcaA (yHKUMA uu, YyoBseTBOpswlmlad B OOnactTH D 
ypaBHenuto Ilyaccona (4). 

Torna B D ppitlowHseTCcA HepaBeHCTBO 


eNO ee) ate 
rae 
E,=max|p—Ao|, e° =max |f, —f.|. 
ooo DAS s 
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Ilyctb MocrpoeHHanA KakHM-sIM60 cnoco6OM HHTepnomAWHOHHaA (byHK- 
‘MHA Up, MMeeT B OONacTH D-+-S HenpepbiBHble MpousBo_HHIe MO BTOporo 
NOpALKa BKJNIOYHTeEIbHO H yOBJeTBOpseT B D ycnoBHlo 


| Avn| << En, 


rye E,— HeKOTOpas MocTosHHag. 
Torga, NOb3yacb Teopemoli 1, nosyyaem AA HorpemmHocTH npHOJHx«KeH- 
HOrO peuleHHaA ypaBHeHua (1) oneHKy 


|u —vnl|< En. (5) 


Ecaim BMecto ypaBHenua Jlannaca (1) pemaerca B oOnacru D ypaBHeHHe 
Ilyaccoua 


Nu @ (X41, Xo, ean 2x,,); ulo=f, 


TO OWe€HKA HOrpewWiHOCTH MpHOsHKeHHOrO pelleHHA, B CHAY CeACTBHA TeO- 
\pembl |, BbIpaxaetca cdbopmMyo“ 


Raised | Pea AO, hs 

OrTmMeTHM, 4TO B CJlyyae HeCOBMayeHHA (yYHKUMH Uv, C U Ha rpaHHue 
oOsacTH Adin OWeHKH NMOrpenwiHOcTHu IIpHOIMW2KeHHOrO PpelleHHA CJIeLyeT TMOJIb- 
30BaTbCA TeopemoH 2 WH CJIETCTBHEM 3TOH TE€OPEeMBbI, B 3ABHCHMOCTH OT TOPO, 
pemiaetca ypaBHenue Jlannaca usu ypaBHenue Ilyaccona. 

Ecam 3HaveHHA PYHKUMH Vp_ BO BHYTPCHHHX y3ax OONacTH D HeCKOJIbKO 
OTMHM4YAIOTCA OT Vp, TO AIA OLLEHKH BHYTpH D pasnHoctTu |u— v,| HeoOxoHMo 
BOCIOJIb3OBaTbCA HEPaBeCHCTBOM 


| uw — 04 |<max|u— v,| + max|v, — on). (6) 
D D 


Sameuyannue 1. Bennunny Ep B opmyvie (5) MO%KHO ONpeseIHTb Takxe, 
floub3yacb Teopemoii 1 B. C. PaGeupkoro (("), crp. 158), KoTopaa jaer 
OUeHKH JIA MpOH3BOAHbIX OT HHTEPNOMANMOHHOM (YHKUMH V,_, Yepes pasHOcTH 
- COOTBETCTBYIOMNIMX NOPAAKOB (PyHKUHH, 3aaHHOH B y3JlaxX CeTKH. 

S3ameuwaunue 2, ChopmMyHpoBaHHble BbIIMe TEOPeMbl alOT BO3MOXKHOCTh 
OWeCHHBATb MOrpeliHOCTh TpHOsM2KeHHOrO pellleHua ypaBHeHua Jlanmaca HaK 
ypaBHenus I[lyaccoHa, nowyyeHHoro ApyrHMH MpHOHxKeHHbIMH MeTOJaMH, 

OTJIM4HBIMH OT Pa3HOCTHBIX. 

) 2°. B kayecTBe IIpHMepa paccMoTpyM jByMmepHyio sayzauy Jtupuxsie B 06- 
nactu D, npepctapasiomet cod6oH sanunc x? -+ 4y?=1, npn ciefyrounx 
rPpaHH4HBIX yCIOBHAX 


| exp [= V1 a cos +x mph O<gy< 0,5, 


u= 
lexp |-4V1 a cos x mph —0,<y< 0. 


T O4HbIM PpeweHHeM 3aflauH ABJIACTCH (pyHKWHA 
— uw cos pales 
u = exp ap Yy ae 


Peuiaa 9Ty 3aady MeTOJOM ceToK c waroM h= 0,5, novJlb3yAcb Mpocteii- 
WIMM pa3HOCTHBIM onepaTopom Jlanmaca, HaxopumM vp, (0, 0) = 1,022446, 


Vh (0,5; 0) = 0,720283. CoorsercTByloulHe TOUHbIe 3HAdeHHA CyTb | Hw 0,707107. 
Jina OWeHKH TOrpelwiHOCTH HallHM MeTOJOM CTPOHM HHTepNMosAWMOHHY10 
(PVHKILHIO Up B BHI 


Un (x, y) = e%4 (a + bx* + ex"), 


upHyeM fapaMerpbl a H a (cbyHKuMH ae ompeyesiiem cmoco6oM, mpelvio- 
»KeHHDIM Apanom (!*), a Koadduinents! b Hy C HaXOMHM MeTOJOM HaHMeHb-, 
UIMX KBaj{paToB. 

B pesysibTaTe BLIMHCJIeHHH Noulyyaem 


On (x, y) = eb54289 (1 ,010063 — 1,208807x? + 0,198743 x4), 


npuyem BO BHYTPeHHUX y3sax CeTKH | V_— Vn | <0,012383, Ha rpanune 06- 
nmacth D |v,—u|<0,015841 u Buytpu D ‘T Ava | <0, 975744. 

TakHM OOpa30M, B CHJy Teopembl 2 u HepaBeHcTBa (6), nony4aem c.ie- 
AYIOULyO OWeHKY MOrpeliHOCTH TpHOsMKeHHOrO pellieHus: 


| u — On| < 0,055799, 


B TO BpeMA KaK MAaKCHMaJIbHas HMCTHHHAA orpeiinocTb paBHa 0,022446. 


Ilocrynu0 © 
14 IX 1960 
IMTHPOBAHHAA JIMNTEPATYPA 
CAs Dep iii 0: p Honmrisns dey e mlouluTexH. uucT., 30, 75 (1927). 


7C.A.Tepmropun, Kypu. npuka. pus., 6, Bp. 3—4, 3 (1929). * A.A. A6pamos, 
BsrncsnT. MaTeM. H BbIUHCAUT. TexXH., 1, 37 (1953). 4E.A.Boaxos, JAH, 96, Ne 5 (1954). 
5 jl. A. JloctepHuuk, YMH, 9, B. 2 (1954). ‘Tl. E. Muxeaags3e, Uncnen- 
HBI€ MeTOAbl HHTerpHpOBaHHA AupPepeHUHaNbHLIX ypaBHeHHH C YaCTHbIMH npoHsne ae 
Hi3n. AH CCCP, 1936. 7 I. E. Muxeaagsae, Usp. AH CCCP, cep. matem., 5, Ne 1 
o7 (1941). 8 M. P. I y wa: Bypa, BosmncauT. MaTeM. H BbIYHCIT. TeXH., ti (1953). 
9H... Ilerpope kun, YM Be 8,107 W941), 2 ea ae oGianes: Y papueuns MaTe- 
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Fee ares pasHocTHblx ypapHennii, 1956. 12S. Arend, Ciel et terre, 71, Ne 5—6 
(1955), 
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‘ Hoxkaagen Akagemun nayx CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 
E. fr. Iba KOHOB 


METOA MEPEMEHHbIX HATIPABJIEHHM PEWMEHHA CHCTEM 
_ KOHEYHOPA3SHOCTHBIX YPABHEHHH 


(ITpedcmaeaeno axademukom C. JI. Cobonesoim 29 XII 1960) 
\ CpeqH pa3sqH4HbIX MeTOJOB pellleHHsA CHCTeM KOHe4HOPaSHOCTHBIX ypaBHe- 
HHH, ANMpOKCHMUPYIOWHX IJVIMTITHYeCKOe ypaBHeHHe, MeTOJ, MepeMeHHbIX Ha- 
‘mipaBsenHu (?-*) oO6mazaeT TEM BaxKHbIM CBOMCTBOM, 4TO IPH paBHOMepHOl ceTKe 
ANA HaXOwKeHUA pelleHHA C TOUHOCTHIO & OH TpeOyeT 4NCa apHdMeTHYeCKHX 
JlelicrBu MO aCHMNTOTHKe MeHbIe, 4eM [pyrve WTepallMOHHbIe MeTOLB. 
na ypapuenun Au — k2u = f B npamMoyroubHHke s (*) noyueHa acHMMTO- 
THKa 4HCa apudMerwyueckHx JeucTBHH ~< A~* In A In &, nepBoHayabHO Nowy- 
yeHHaa Jia Au = f B (?, 3). B (*) uccnemyerca cxoqumocTbs B OOmleh OOmnacTH 
HW Wid KpaeBbix ycvioBul Buga Ou/dv 4+ du = 0. B (°) u3yayaerca BapHaHT Me- 
“Toya WepeMeHHEIX HanpaBeHul waa A*u + c*u = f/ B IpAMOYrOJbHHKe C 3a- 
‘JlaHveM Ha rpanutte uw u O7u/dv?. na nomMrapMoHMyecKOroO ypaBHeHHA B IIpAMO- 
yrouIbHuke C 3afaHveM Ha rpaHMlle YeTHbIX MPOMSBOAHbIX MO HOPMAaJIH MeTOL 
TIepCMCHHBIX HanpaBweHn Hii HccwleqOBaH B (°). 

B HacTosileli 3aMeTKe CXOJHMOCTb MeTOJa MepeMeHHbIX HalpaBJIeHHH ycTa- 
‘HaBJIMBaeTCa JIA MepBOH KpaeBOH 3aa4H B NpPAMOYFOJIbHHKe JIA HEKOTOPbIXx 
-CaMOCONPSDKEHHBIX QJJIMNTHYeCKHX ypaBHeHHH MoOpAyKa BbILe BTOporo, MpH- 
YeM JIA YpaBHeHHA C pa3AeJIAIONIMMHCA MepCMeHHBIMH JaeTCA OLeHKa CKOpPO- 
CTH CXOJHMMOCTH. 


1. B xBaypate D: 0 <x <1,0<y <1 umertcsa pemienve ypaBHeHHaA 
; O*u Ota O7u 
‘ oa = > (4 (x) ee oa (6 (x, y) a age (¢ (Y) 52) — 
| Y ihe 7 
— 5 (d(x) $)—F (ey) F) bilan eye =h(x y), (1) 


YHOBJNETBOPHAOULee KpPaeBbIM YCJIOBHHAM: 
; 


Aap Oca 
. . BOs = 0; (2) 
ee 0, de At: 220; 0 = ge< (3) 


Gime ede GC s 1\a GC. 


= 
° 
= 
i =} 
® 


PramecTKe  Dpi%7 = ih, y;— jh; h=1{N, 0NtS N,0<I< 
fensem vj; Kak v (iA, jh). Bcuny (2) u,; = 0, ecum i unm j = 0,1, N—1, N, 
ar. €. 

/ 


. wig 0, Ha Sp, (4) 


Jl BHeLIHHX TOUeK K KBanpaty u,j = 0, a qin i, JE De \ Sp AA OTbICKa- 
WH U,;; HOyYaem cCuHcTeMy aJireOpanyecKHxX ypaBHeHHh 


Ass (aA,, u,;) + x 7 (OA xy u,;) le AS 7 (eA yy u,,) — 
— Ay (G,A,44;) — 45 " y U,,) + FM, + 8,4; =h,; (5) 
rae 
As rie = aS ? ANSI) ge he oe 


CyulecTBoBaHHe pelienHa (4), (5) H CXOMMMOCTb ero K pelleHuto (1), (2) 
ycTaHopsieHb! B (”). HerpyqHo NPOBEpHTb, YTO Kaw Moe MS CNAraeMbIx B (5) 
€CTb CHMMCTPHUHBIN WH NMOMOKHTeMbHBIH ONepaTop Ha KsIacce u;;, yYOBMeTBO- 
paromux (4), a L,—MONOKUTeIDHO OMpeeeHHBI. 

2. BBoxa oOo3HayeHHA 


Me U,; aa = Az; (a,A xX u,;) — A z(4d,A x u,;) a i ad TD (6) 
L, by = AD; (c;A yy tty) — A; 7 (e/A y u,;) ri Ej4ip (7) | 
2b Yi; a 2 7 (0,;A ej xy U; ;)s (8) 


ofipefenHM MO aHaslorHH c (8) CueAyIOULHH HTepalWHOHHbI mpouecc: 


(Le + taE) uly? = hy — (Ly + 2L zy — ta E) yy’ (9) 
(ie “Et, E) ue) — Le ie a tabi Va) | (10) | 


Snecb E — efvHHUHbI onepaTop; T, — HEKOTOPHIM HTepalMOHHbIN Napametp; 
ui), w+) — jocreloBaTeJIbHble uTepalHH; u(?+'/) — 1poMexyTOUHbI BeKTOD. 
Hckmouan u3 (9) w+") c nomomprto (10), umMeem: 


[tRE +2%n (Leb L,) gl ge = ee ee ee ee 


a AJA MOrpelwHOcTu 
u-— ul) — eln): Ae(r+l) — Be”), (12) 


rae Ae") — [rR E4+.ta (Ly + Ly) LAb pen; © Bela fr, Bs — ore 
+L,L,je. Kenemio? eft) — 0 wa Sz. 
Jlemma 1]. ee AuB fae ee npuuem (Bp, ~) > 9 npu 


i=0 /=0 
Jlokasateapertso. Jina cummetpuunocth A u B gocTaTouHO no- 


AYYUTb 


el eS ate (13) 
p 
T. €. NepecraHOBOYHOcTh onepatopos Bua Luz = 5) u(%i + Rh, yj) a(R, 0) 
k=—p = 
q 
My = > u(x, y; + lh)B(0, 1), “To, oueBHaHO, caelyeT 43 BO3MOXK- 


[=—q 
HOCTH H3MeCHEHHA TopswKa CYMMHpOBaHHA HW BbIHOCa KOI PHUMeHTOB, He 
3aBHCAILMX OT HHeKca ;cymMMupoBaHHa. V3 (13) caenyet, uro L,L, > 0. 
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[lpuMeuan (OpMyJibI «CyMMHPOBaHHA 110 YacTAM» (7), NOsydaem Ans (Bry, wp): 


(By, ~) = tr (tp, Pp) —2ty (Lay tp, p) + (LeLyp, p) > 


N=-1 N—2 


> Tn (tp, p) — 2th? a (6:;) > (Axytpij)? +h? ee (a; ¢;) SS, (Axe yy bi)? > 
: i, j=0 ’ i, j=0 
N-1 
> Tn (p, p) — 22,7(Az gb P) +h >) (Az v,)? = 
ae , i=1 
= h? > (t,£ ae RNS spa) p,;)° es 0. (14): 


i, j=1 
Syecb fr? = min {a;cj} H UCNoONb30BaHO b?—ac <0. (By, wp)=0, ecaH 


B55 Pi = dap, ; npy l1<i, j<N—1. Yuurowaa, sro tp;,; = 0 na Sp, mpu- 
XOMMM K BbIBO,Yy, 4YTO p= 0. Jlemma joKasaua. 
. 3. Teopema 1. pu dukcupoeannom t, > 0 umepayuonnolli npoyecc (9), 
(10) cxodumca 6 mempuxe |p|, = (Br, %). 

JleficrputenbHo, Bycumy semMbl | cymlecTByer Taka cucTema dyHKILHh 


{Wr}, ITO 


0, k= 1; 
(Brpay pr) = Oxi =| ah (15). 

Teal; 
Arb, = AnBrpr.- (16) 

{,} MoaHa B MeTpHke | |, a CiefoBaTebHO, H B OObINHOR. 
Ilyetp 
ett) ies Ss} pedir), ei”) bd >| p,dy” ; (17) 
k R 


[oacrapaas (17) B (12), 6ynem uMerD: 


eth) yey a x dt) 1,.Brp, = SS da” Brpr . (18) 
k R 


R 
Hs (18), ucnonp3ya (15): 
Rede Sra (19) 
OueHuM A, u3 (16): 


Ne = (App, thr) = ((B + tLa) Pr, Pr) = 1 + TLE YR, Pr) > |. (20), 
{losromy 
¢ ae) 
EXOJMMOCTb, OYEBHAHO, GyeT HW B OOBIMHOM MeTPHKe. 

4. Pacecmotpum orjembHo cyyai b=. B 9Tom cyly4ae cnpaBewuBa 
‘ewyroulad Teopema: 

Teopema 2. Ecau b=0, mo Ona naxondenua peweHun cucmemot (4), (9) 
locmamouno npu nadneocawem eol6ope {tn} npouseecmu ~ nh In & umepayua 
10 memody nepemennolx Hanpaerenuti. Yucao apudmemuueckux Oeticmeutt 
yoem —h* \Inh line. 

}THoxasatenpcetso. Kak mokasano B wee |, Ly u Ly nepectano- 
QUHbI, NOITOMy y HUX CyllecTByeT CucTeMa OOUIMX COOCTBeHHbIX PyHKUMH, 
Boome OproHOpMupoBaHHbIi Gasuc pu m060M tT, > 0. 


| 4 4 n 
=F <1, fet, <max Lely (21) 


dy") e 
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Ilyctb he nowt. file e. 
Li tpn = Min, Lye = Br (22)| 
HerpyaHo noayuuth, uTO mA, wk < M/At. Torga 
dn) 


(72) 
dj, 


vA? pe 


== (f Ag) Wy) = ge ee ee 
bn Ba) ae, A ea 


zi (23), 


MpHuyemM pF (A,5 W,,) x P,, (Ay i.) Pr (B,, Lt, 

Tlanee oKa3aTembcTBO UJeT Kak B (?) H CTpOHTCA TAaKOM HaOOp (Tj, .-. , Tp), 
uTO WIA KaxKMoro wp, HalifeTca Takoe tT, U3 3TOrO Hadopa, 4YTO Pp, (A> By) S 
<q< 1. Nosropas Tako wuks c p napamerpamu — |In €| pas, Halizem pe-| 
qieHue c TOUHOCTHIO &, T. e. fe"t)|< elem], 

Ouenka ucla apucpMeTH4ecKHX JelcTBHH nowyuaeTcA TaK Ke, Kak B (°, *), 
TaK KaK IIpH HTepalWAaAX pPelllawoTCA TOJIbKO CHCTeMbl C MATHAMarOHaJIbHbIMH | 
MaTpHiaMu. 

Sameuaunnel. Jina ypaBuenua, rye 6 = 0, MOKHO NOCTPOHTE TakxKe 
analor MeToga (*) M Jit Hero MOJYSHTh TaKyIO %Ke OWeHKy CXOMHMOCTH. 

3ameuanu ue 2. PesyibTaTH OUeBHAHBIM OOpasomM MepeHocATcaA Ha He- 
KOTOPble ypaBHeHHA Ooviee BLICOKHX MOPAAKOB, a AMCHHO TaKHX, 4TO BbINONHAeT- 
ca memma lI. 

Sameuanue 3. BosmMoxkuHbl nepeneceHHA UM Ha CJlyual Mapasmenenu- 
mea, eCuH paccmoTpeTb aHasor cxem (°). 


Mockosckuit TrocyapcTBeHHBI yHHBepcuTer Tlocrynuao 
um. M. B. Jlomonocosa 29 XII 1960 
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Jloxnxann Akaygemun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


' r. HW. KAL 
- OBOBUIEHHE rPYNNMOBOrO NPHHUWNA JIBOWCTBEHHOCTH 


(ITpedcmasaeno axademuxom A. H. Koamoeoposom 2 XII 1960) 


_ 1. Hyerb 6 — noKasbHO KomMiakTHad” KOMMYTaTHBHaA rpynna. CormacHo 
accu4eckoH KOHCTpyKkuMn [lontrpsruna, xapaKTepbl rpynnme @ o6pasyror 
MMYTATHBHY!0 Tpylilly, B KOTOPy!O eCTeCTBEHHbIM OOpa30M BBOJMTCA JIO- 


aIbHO KOMMakTHad Tonoworua. [louyuenHaa rpynma © wa3piBaetca jyadb- 
MNO OTHOWeHHIO K rpynne ©. [I[punyun gzBoicrBexHoctn Tloutparuua 
Aa 


cTHuHOe OOOOMeHHe NpHHunta ABolicrsenHoctu IlontpsaruHa Ha cayuai 
MMaKTHbIX (HEKOMMYTATHBHBIX) rpyim Obwo mowyyeHo TaHHaka 4u 
. I. Kpeiinom. Tosxe stor pesyspTaT Opi cyulecTBeHHO JononHeH 
M. |. KpetiHom, nomyauBUIHM MIpHHUHM ABOUCTBeHHOCTH JIA KOMIIAKTHBIX 
pynn (*, *). Hakone, B HeyaBHel OveHb HHTepecHokk padoTte (°) Craiu- 
pHHr, MO cyllecTBy, MepeHec epBylo0 yacTb MpHHWMNa JBOHCTBeHHOCTH 
. TD Kpetua ((?), Teopema 16a) Ha yHHMOYJIApHble JIOKabHO KOMMAKT- 


fla ABOMCTBeEHHOCTH Ha HEKOMMYTATHBHbIe TpyMlbl, COCTOHT B TOM, 4TO 
AyabHbIM OObEKTOM Fpylbl ABJIAeTCA He rpyllia, a OOBeKT, BOOOUIE TroBo- 
DH, ApyroH nmpupogsi (OnoK-anreOpa) (*). B cBa3H c STHM eCTeCTBEHHOM sAB- 
eTCH NOMbITKAa OOOOMHTh NOHATHe TpyNMbl HaCTOJIbKO, YTOObI B Kslacce 
MONyYeHHEIX TakKHM OOpa3s0M OObEKTOB HMeJla MeCTO JWBOMCTBeHHOCTb. Hopoe 
MOHATHe PpyOMbl AOMKHO Kak’ YACTHbI Cilyyali BKJIOYATb JIOKaJIbHO KOM- 
ffakTHble FpyMibl U WyabHble K HHM OObeKTHI. B HaCTOAMeli 3ameTKe mpe- 
MaraetcaA Takoe oGoOujeHHe NOHATHA rpynnpt (1. 2). Ha HOJLY YeHHBIX o0b- 
‘@krax yyaeTcA AOCTaTOUHO JaleKO pasBHTb TapMOHMYECKU aHasM3 WH ycTa- 
HOBHTb NpHHUAN WBolcTBeHHOcTH (mn. 4 Hu 3). OcHOBHad ufen obOo6mennA 
‘(@OHATHA rpyOMbl CocTOUT B CJieylouleM. Ilyctb © —rpynna. O6o3Haunm 
Hepes, $M KOMMYTATHBHOE KOJIbILO (OTHOCHTeJbHO ONepalMl YMHOXKeHHS) Orpa- 
{M4CHHbIX (byHKuua na ©. Oro6paxenue f (y)—>/ (xy) (FEM) ABasnetca 
| pete Mm B MxM. Takum oOpa30om, © MOXKHO pacCMaTpHBaTb 
kak KOMMYTaTHBHOe KOJIbIIO WM c 3alaHHbIM H30MOphusMoM MN BM x M. 
lacCMaTpuBaemoe OOoOueHHe Mosyyaem, OTOpacbiBad B 9STOM OllpefesweHnHn 
*peozanue KOMMYyTaTHBHOCTH KoJiblia MN. Mme B BUAY NpHNOKeHHA K 
aPMOHHYeCKOMY aHaJIH3y, MbI OCTABJIAeM B CTOPOHE YMCTO aureOpanueckHe 
MeKTbI 2TOFO ONpeseeHHA H HWKe OMpesensem oOOOOMeHHe YHUMOLyAp- 
40H Hpyunbl He aOcTpakTHO, a CKOpee KaK KOHKpeTHOe npeycraBJienue. Or- 
eTHM B 3aKJIOUCHHe, UTO OTMpPaBHbIM IYHKTOM JIA HaCTOAMeH 3aMeTKH 
CyKUIM cTaTbH (?, 3). 

| 2. OGosHauum yepe3 M HeKoTopblii H30MOpdu3M KoOJIba MW B ero TeH- 
SOPHbI KBaypaT M x Mm. CuaGxKan Kouba HHAeKcaMH Ma, Mp « My, MbI 
eM 3TOT HZOMOpu3M OOO3HaUaTb TakKe Yepes @*<, PaccmoTpum tTenepp 
mba Ma, X Ma u My, X Ms x My, (Bce M;, Tor MecTBeHHbI) HM ONpesemHuM 
moOpanenue oer nonaran a x b->a x B°%(b) (a, EM). Bro oro6paxe- 
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HHe€ OMHOSHAUHO MpOsomKaeTcA MO U3OMOPH3Ma HepBoro KOMbILa BO BTOPOe. 


AnaJOrHuHO MOXKHO ONpeseHTb H3OMOPH3M De; 


Ilycrb § —ruab6epToBo mpocrpaHctTBo, M— cTaHAapTHOe KOJbIO OMlepa- 
Topop B § (4) Hv @—*-n30MOppu3M KoOJbia M B KOMbIO oOnepaTOpOB 
Mx M (mpuyem D(J)=/ x J), YNoBAeTBOpAIOMIMH CyefyIonleMy yCOBHIO 
ACCOIMaTHBHOCTH: 

a) O13 D3 = O55 0's. | 

Mpi npewnosaraem TakxKe, UTO Ha SM onpesxenena nuBomounA A —> A* (ACM), 
VROBJETBOPAIOWNaA YCOBHAM 

B) (LA +: pB)* = 1At + pBt, (ABS =AB (A) =(A), 4) = 

~ Naseem ' 
@(A*) = ®(A)* (A, BEM) (3nech AX B=Bx A, (A x B)*=A*X B’), 
Ilyctb m— peryapHaad Mepa Ha MM (4) (Kak uw B (4), Yepes m oOo3HadeHa 
Kak Mepa (gage), Tak H HATerpas mo 9TOH Mepe). IlocrpoHM. mo Mepe # 
npocTpaxctso L, (M) (4). pexnonoxuM, «TO 

7) m(A) = m(A*), mxm((A x B)®(T)) = mx m((T x B*) ®(A)) 

(A, BEL, (M) (M, TEM). 

Cootsetcrsue A xX B->V[A x B] = ®(B")(A* X 1) (A, BEL (M) (1) MN), 
OyAy4H MpomoswmKeHHbIM Ha Bce Lo(M), oONpekeAeT AHTHIHHEHHEIM ONepaTop 
V ) cy Yate + ph’) = AVh + pVh’). TIpennonaraem, 4To 

 fecpe— i 

Kobpio SR c PUKCHPOBAaHHbIM *-H30MOpdH3M0OM ©, HHBOJOWMeM Hw Mepoli 
m, YOBJIETBOPAIOULHMH yCNOBHAM o&)—646), Ha30BeEM KOJIbIEBOKM py i- 
HOU. Kombo M HasopemM HOCHTE MEM KOJbUeBOH TpyNlbl, Mepy mm — Hu H- 
BapHaHTHOHK Mepodk, n30omophu3sm D—onpeeAAWMUM H3OMOP- 
(u3MOM. Konbuesyto rpynny Ha30BeM KOMMYTATUBHOM, ecun @ = ®. 
Papenctso m xX m((A x B)®(T)) =m((AxB)T) up ukcHpoBaHHbix one- 
patopax A,BEL,(M) u pow3sBobHOM onepatope T us SM ONosHaqHo 
ompefesneT onepatop AxB uz L,(M)—cBepTKy onmepatopop A u B 
(cp. (*)). H3 yenopusa «) ciehyer acCOlWaTHBHOCTb OMepallMH CBepTKH. — 

Teopema 1. OmnocumenoHo onepayuu ceepmKku * U uUnEOAOYUU + oOne- 
pamopot u3 L,(M) c6pasyiom HOpmuposanHoe KONoYO C UHEOAIOYUeK — epyn- 
noeoe KOAbYO (HOpMmot 6 KOABYe cayocum L,-HOpMa Onepamopa). ; 

B kayecTBe IpHMepa MoKaKeM, 4YTO JOKaJIbHO KOMMaKTHAaA YHHMO,YyAAp- 
Had rpynina © apiasetca KoJbuWeBOH rpynmol. B stom ciyuae NpocTpaHcTBo 
S) ABJIMeTca MpocrpaHcTBom L,(G), mocTpoeHHbIM mo Mepe Xaapa. Mt — Kom- 
MYTaTHBHOe KOJbIO OFpaHHYeCHHEIX H3MePHMBIX PyHKUHH Ha GB, paccmatpu- 
BaeMbIX Kak OMepaTopbl B § (OMepaTopbl yMHOKeHHA Ha (PyHKWHIO). Kobo 
M cranfapTHo. OnpenessiouluM u30MOppH3MOM ABJIAeTCA OTOOpaxKeHne 
A(y)—> A (xy) (A(x) EM; x,y EG). Yenosue a) npHuumaer Bug A (x (yzZ)) = 
= A((xy)z). Ono ovepuyubiIM O6pa30M HMeeT MecTO OarofapsA accowMaTHB- 
HOCTH rpymmoBoli onepatun. Mnposowuto onpefemum, nonaran A* (x)= A(x"). 
IIpu 9TOoM ycnopua B) OKasbIBalOTCA BbINOHeHHBIMH. SameTHM, 4TO A*(x) = 


= A(x). Hakone, B KayecTBe MepbI m7 BO3bMeM Mepy Xaapa. Torga m(A) = 
=JA(x)dx. Ycnosua v) upuuumawor sug J A(x)dx=JA(x)dx un 
SS A (x) B(y) T (xy) dx dy = SST (x) B(y) A(xy)'dx dy, onH uMeoT MecTO 
B CHJY JBYCTOpOHHei HHBapHaHTHOCTH Mepbl Xaapa. VF (x,y) = F (xt, xy), 
oTkyna VF (x,y)=F (x, y). Wrax, @—xkonpuepan rpynna. Corsmacno 
onpefeseHHio, CBepTKa OnpeflesiseTcA paBeHCTBOM §\ A(x) B(y)T (xy) dx dy = 
— |(A’*‘B) (y)T (y)dy, orTkyga, kak o6nigHO, womyyaem (Ax B)(y) = 
= | A(x) B(x y) dx. 7 

3. Hyctb §—ruab6epTopo mpocrpancrBo H D—ero nAoTHOe NosMpo- 
CTpaHCTBO, Ha KOTOPOM oMpejeseHb! ABe ONepalHu yMHOXKeHHA: a+b Uuach 
H (Be HHBOIOUNH a& wu a¥. Mbp ckaxkem, 4TO ONpeseleHo ABOMHOe 
rumbOepToBo koubuo TIT, ecmu Kaan H3 Tap onepalyi -, a U », 
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onpeweiaeT rumbOepTopo KoNbUO (4) a B § X § cyulecTByeT orpannueH- 
HbIM Onepatop W, Aaa KoTOporo 


(a x b'V, W (a’& x b)) =(aa', bob’) (aJa’, b, 6’ ED). 


OqHY 43 nap onepallwu, HanpuMep -, A, HasoBeM MepBoli, a Apyry1o — 
sTopoN. Onpefenenue pBolinoro rHbOepToRa KOJIbILa CHMMe€TPHUHO OTHOCH- 
TeIbHO OOeHX Nap onepanuH. Onepatoppt x—a-x u x—-acx (a€D) 
ABISAIOTCA OFPaHHYeHHBIMH OlepaTopamu B §. Mx pacmimpeHua Ha sce § 
0603Ha4HM cooTBeTCTBeHHO uepes La(A) u La(W). HeiimanoscKue Kompma, 
NopowxeHHble onepaTopamu La (A) (@ED) uw La(w) (a€D), HazoBem coor- 
BeETCTBEHHO NEPBLIM H BTOPHIM HEHMAHOBCKHM KOAbILOM KOsbual . 
O6Oo3HauHM ux uepes Ly u Ly. 

Teopema 2. Kascdoti Koroyesot epynne © coomeemcmeyem Oeotinoe 
-euavdepmoso Konoyo I’, y KomOpoe2o OCHO U3 HelimanoscKUx KoAeYy (Hanpumep Lg) 
coenadaem c KHOCcumMeNnem epynnol, npiuem 
a) La (A) Ly (Ad) = Looe (Md), La (Md) Ly (A) = Lav (A); (a, 6 62); 

6) Li (hk) = Ly (A), La(A) = LA (a) | 

B) Mepam ABAgemca KaHOHUYeCKOL Mepoti Ha L, (4), m.e.m(Laq (M) Li (&))= 
= (a,.0)) 

Koaoyo T odxo3sHauHO onpedeaanemca epynnot &. 

CxkaxKem, 4TO KombUO I u rpynna @ cBa3aHbI 10 Mape onepauuii 
(B laHHOM COO3HayeHHH NO NepBol Mape). Konbuo Lw SyemM TakiKe Ha3bi- 
BaTb HEHMAHOBCKUM KOJbLOM rpyunb & uv o6o3HauaTb Yepes M. 

Teopema 3. Ecau Oeotinoe 2unvdepmoso Konsyo YT ceasaHo no odnHoti 
nape onepayuti c KOAoYyeeow epynnot ©, mo ONO CeABsAaHO MaKoCe C HeKOMOpoOti 
Konoyesou epynnou @ no emopou nape onepauuti. Koaoyeean epynna 6 odno- 
3HQXHO onpedeanemcs Konoyom T u epldenenuem napot onepayuti. 

Tpynny 6 wa3opem Ly aabHOM MO OTHOMIeEHHIO K rpynne ©. V3 teo- 
-pem 2 u 3 HeMocpefcTBeHHO cyleqyer 

_leopema 4 (1pHHwun jBoKcTBeHHOcTH). /Tycmpo S — Konoyesan epynna 
u 6— OyaneHan K Heli KoAbYeBan epynna. ['pynna, Oyaaonaa KG,  coena- 
Oaem c &. 

4, PaccmMoTpuM jpolinoe rumbOepToBo Kombo T, caA3aHHOe C KOJIbILeEBOH 
rpynnou & no neppok nape onepaluH H c 6 —no sropon. Ilycrs A — one- 
paTop u13M = Ly, KoTOpHIit MOMKET ObITb IpelcTaBJeH B BUse A =L,(d) (@€ 9). 
Tonowum A = Ly (VW) & Ly = M. Oneparop “A Hasopem 1peo6pa30Ba- 
*HHeEM Dypbe onepatopa A. OuepyHyHo, 4TO MpecOpas0oBaHHem W@ypbe 


ouepatopa A sapasetcs HERB A. Kenn A= La(g) a B=Ls (A), 70 


a 


Wages (La (a) * Le (A) = La (A) = Low (W) = La (W) Le (YW) = AB 
AY = Li (w&) = Ly (A) = Lyy (A) = La (H) = A. 
Bi 6 Cuay “npeob pasoeanun Py poe ceepmKa uU UNBOAMOYUA ONepamopos 
nHocumena (OAA KOMOPSIX ONpedeneno nNpecbpasoeanue Pypbe) omobpascatomcs 
“coomeemcmeéeHHo 6 npouseedeHue U CONpAXHeHUe UX Npeobpas0éeaHuti Pypoc. 
CormacHo Teopeme 2 8B) nosyyaem tbopmyny Il]nanmepens: 


\ 


m (AB) = m (La A) Li) = (4, 6) = m (La (WH) Lo (W)) = m (AB). 


Kak O6bIdHO, OHA MO3BOAeT MOOMpeseHTb MpeoOpasoBanne Dyppe Ha 
Bee omepaToppt u3 L.(M). pu stom npeoOpasopanune Pypbe ocyilecTBAAeT 


UZOMeTpHYecKoe OTOOpaxenve L,(M) Ha Ly(M). Towo6HO Tomy Kak 93TO 
MMeeT MECTO JI OObIUHbIX PPYMN, MOKHO MpOLOMMKHTb OMpeyesenHe mpeo6- 
pasopaHua Dypbe Takxe Ha Bce L,(M). T]peoOpasopanuA Dypbe oneparo- 


pop u3 L,\) apnstorca orpaHHyeHHbIMH oTlepaTopaMH H3 IN. Ormetum 
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TakoxKe paBeHcTBa M = MN, N= M, cedyroulwe-u3 MpHBeeHHbIX BHIILeE Ope 
jlemenuit. TakuM o6pa30m, TipH Nepexoge K AyanbHOH rpynne HOCcHTeIb 
H€HMAHOBCKOe KOJIbILO MCHAIOTCA POJAMH. 

5. Bn. 2 Oblm0 NOKa3aHO, 4TO KaxKad YHUMOAYIApHan rpynna B onpere- 
J@HHOM CMBICJI€ ABJIACTCA KOJIbIeBOH pynnon. 

Teopema 5. Koaoyesasn epynna © seasemca AOKAAbHO KomNAaKMHOK YHL- 
MoOyARpHOl epynnot 6 mom U MoAbKO 6 Mom cay4ae, eCAU HOCUMeAb GB Kommymna- 
muéeH. 

Viz Teopemp 5 slerko celyeT, YTO WIA TOrO YTOObI KOMbUeBaA rpynna Opa 
AyasibHa YHAMOLYJIAPHOH rpynme, HEOOXOAMMO A OCTaTOUHO, YTOOBI OHA ObiIa 
KOMMYTATHBHA, HJIH, YTO TO Ke, YTOOb] KOMMYTATHBHBIM ObIIO ee HEMMAHOBCKOe 
KOJIbIO. DITO yTBepxKeHHe B COUeTAHHH C TeopemMo 4 MOXKHO paccmMaTpuRATh 
Kak oOOoOmleHHe MmpHHuHna ABoHcTBeHHocTH M. T. Kpetina (?) Ha yHumopy- 
JAPHbIe PpYyMiibl. 

Ecau © — KOMMYTaTHBHaA JOKa/IbHO KOMMaKTHaa rpytna, TO ona MMeeT 
KOMMYTATHBHBIM HOCHTeJIb H KOMMYTATHBHOe HeHMAHOBCKOe KOJIbIIO. Tem xe 


CBOHCTBOM OOazaeT KONbUeBad rpynna G (cm. un. 4). lostomy G — Kommyta- 
THBHaA JIOKaIbHO KOMMaKTHaA rpynna. Mb npHuiaH K NpYHIMyY DBoUcTBeH- 
HocTH IJoHTpsrHua. 


Tlocrymuno 
‘2 XII 1960 


UWMTHPOBAHHAS JIATEPATYPA 
1M.T. K peau, TAH, 30, Ne 1,9 (1941), * M.T. Kpeiiu, Yxp. matem. xxypu., 


2, Ne 1, 10 (1950). *W.F.Steinespring, Trans. Am.¥Math. Soc., 90, Ne 1, 15 
(1959), 4J. E. Segal, Ann. Math., 57, Ne 3, 401 (1953). 
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MATEMATHKA 


10. B. KAINHPCKHU 
K BOMPOCY O PACHOJIOKEHHH HYJIEH L-PANOB AUPHXJIE 
(IT pedcmaeazeno axademuxom H. M. Buxoepadoeoim 11 X 1960) 


T+N 
Hactosinas paOota nocBalleHa OWeHKe CyMM XapakTepoB Pp De we (| 


) 
(rae yp (k) — neppooOpa3Hbli xapakTep no monysmo D) nu ux Pre te canio 
K OWeHKe pocTa H pacnosowKeHHIO Hyseli L-paxZOB B KpHTHYeCKOH Mosoce. 
PesyabTaTbl Hactosulero ucceqopanua pasBuBator padotst A. T. Tocrun- 
KoBa C) pec wis -Posuna (7): 
§ 1. OmeHKa CyMMbI RES rR 
\ T+N 
Teopema 1. Ifycmo S= Dievyp (2), -20e Xp (k) — nepeoo6pasHoli xa- 
| k=T+1 
pakmep no modyaio D = Dee: ‘pe pu - Mith( py, .) «++. 201) mete ee 


min(%,,...,%,) makom, umo (a,/log? a.) > 13 (a, > 10°, log a, > 18,8) 
l 


= Reece thin 2 
u a prvi Woesyity )" < N. Toeda cnpasedausa oyenka 
\ (=1 


E Fy 1/ 
ISheawTT preter 


i=1 + 
. a, 
_ fJloka3satTembcTBo. BalOepem r paBeHcTBoM fF = — "Ae 
: (a, log a.) (ae (a,log a.) e 
4 > s i | BE eGR a 
SIcno, 4To rf > ————————,, — 1 >} oa | 1 22. CTb 
(a, log a, )/4*— (a, log a, "4 | log rel ‘ y 


q co) 

p= |= Jou, rye 6 = — 1, ecu a; ap! —v, (2. p) =i eae 
a, ad . 

O<v<f—l, uw d=v, ecu a;=ap!—v. Torna s;= heave sy = 

—d+6-+1 (l<d<r). 

| L 


O6osnauum yepes N, rakoe uncno, to N = [|p °¥Ny-+-R. s;—syu= 
t=] 


a,+ 6 OL, 
Bee 1) 9, — |=) pj) —- 1) > Sve SO, 
‘ 
pak Kaleeet) << eel log a Seed Teeth Whee eo logp, % < logsa;, RX 
Bite Se <= [Let 
t=1 i 
Torga 
T+N to 
> 10 (8) <N,|Si| + Ip; 
h=T+1 fai 
37eCb 
Lt 28;—Sy; 
Q4T+Ip; 
Sof mae, . Sa en @. 
Q k=Q4T+41 


ae ere “ 


Ho 


i m,ina,. ‘| 
L 


D xp () = Dy Xo (4): + gan) = 2s exp {2x Sian t 
1 L 


a 
i= 9 (P;" ) 
re g; — MepBooOpasHblId KOpeHb MO MOfyJIIO p,i, a (m, p= 1. 
Ilycts npu Q = Q; MocTuraeTcA MaKCHMYM CYMMBI 


i=1 ' | y m, ind 4 (k+T + Qi) 
Sie exp 22mi aa vandal 
' a : | 2 @ (0; i 
l 
Ilpouspogum 3ameHy & = x, + lI tes 
i=1 
er ee Sj 
Ba ee l m, ind g (nF 40, + Ip xe) 
Satie » SS exp |2mi 3 Pie witli AR 
X=1 X2=0 i=1 @ (p;" ) 


Ho ussectuo (4), uro ecau (a, p) = 1, a aa’=1 (mod p’), To 
ind, (a + p*u) = indga + 4 (p — 1)f (a’u) (mod g (p")), 


42 SANS es Sack 
rye fj (uv) =u— a atey gta a (mod p"-), s= E 
JI@HO BBILLEe). 


Torna 


+8 
i ixG PRPEA 


i mind, (a +Q+T) 
Sr Ss) exp )2ni py Be eee 


a 7 
Beles i=1 @ (p;') 


— art TT -({r— 
mihi 6X9 ee Goi Eye (c;x2)"p;! (r | 


L ; 
oy =e a 
| a;—1l é 


l 
rae cr == [[pj?, iti, 


f=1 : 
ISi1< [pf | Sel, 
a 
s;—Ss 
MWe le 4 Sat hor ppane 
t—1 z ; a a;X2 p; Ajahn OF Spc i ee ( 2 y a: ie 
OES (= ys exp |2si 2 ‘i ee ; 
X2=0 i=1 DP; 


one (a;;, pi) =U, fades oy ete ee ae 
Paccmotpum KospHunent pH x5. OH paBeH 


l 
_- Nail a. __ 4yr—1A ; : 
> aoe (> 5 A : ’ (A,, pi) = 1. i= Leeann i 
‘ l i pace 
pot! r ao a Si 


alt mu < (Lot jee) ; 


Sal < < _rirlogr | D, (5, —sy(1— seg) = earlog*r ie re ; 


i=1 t—1) 


; Tora 


: l 
Rep vere" || pee oer 
xO fl ae 
Z 4 ; es 
1 2 = * Va Toeay 
es Mle <4 a ates: N, 
= mA 
aK Kak . =] 
pas FS lis: 
Og 2 { are aa ae 


v 


(a, log a, )/*—(a, log a, 


—1 


<3 fF ((ay log a,)/4 — (a, logo) + D} <= (3 (a, log w,)’4— (a, log a,)/4). 
{ . Tenepb oOleHuM Bene cnaraemoe. Vlerko BuyeTb, 4TO 


a; 1 a; 4 = 
—srtogtr ay iceas ® Soe nl —— V4, loge, 
a 
D; aS ta @ <> Dee aay’ 
t=1 i=1 t=1 
OnueHHBad C TMOMOLM[bIO 9TOrO HepaBenctsBa (1), ase 


l 2a . 1 chitee 
n aie Vy loga, nl ar V 4, logay loga, rae loge, 
Si<= Il», + N+ |p,” <vIln a y) 
i=1 
TO U TpeOoBaslocb OKasaTb. 
» § 2. Poct u wyau L-pyuKkuun. 


Teopema 2. /Tycmb Q >3— nocmosunasn; log D< fo : © D= 
ppp. . pi; s=o-+ it; ls} < Cy; oS>1—I1/(logD)24; x, (k) — nepeoo6- 
aso xapakmep no modyato D. Toeda 


oe 
|L(s, | <C (log DIC. 
JliemMa. Ecau . 
k Ree a D?. 


Peat | ob l—Hlsi ey 
x=1 k [1 p? Ohare oe, 
i=1 


i BbINOAHCHbL YCACBUA: 


1) o7 <C,/log D; 
2) areas brs oily >is 


|L(s, %)|<cC2/*. 
Woka3zaTeabcTBo wemMMbi. Jlerko yBuyeTb, 4TO 


N N—1 k 

‘1 
Pe itp d,s), TE Sy =. Guy. Sy = SE 
k=1 kR=1 v= 


|) BuiGepem az = yp (Rk), On = 1/k8, N = 4D (X —urenoe). Torna 


2D i xD. , ; AD 1 Se] 
Si Ad) SNS ‘ we ) y ss k 
Zi y AOS) TE Rare ~ a? 
R=1 Re = ke meen) R= k 

728) D A—1 

iS aie | 

peewee SS os 

Psi 95 a>. ey a [jee od 

k=1 pe-Y R=1 = i Ry=1 Ro=1 (RD +- ke)° : 
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ai 


ae Se Py Se aay = ae 
AD D 
k Ss | 
Orcioa > ED Ch > me . Bo3sbMem A HacTONbKO OoJbiuuM|! 
nai F oie 
Cc 
X p(k) 
YTOOBI yi 7s Feast 
h=AD-+1 
1 18k | 
- Rk 

B stom cayyae |L(s, y)|<c5 2 ae Ho 

=24 
i 
D Se De® i D pe pw TT pane 
R aie i=1 
y I—y << 2 er = arsli Pp. Bj », 1—Y < C6 Sa a a a 
k te i k ue 
he imal k>D® 
CneopaTeJbHO, 
Dove pe II p, 
| f=] 
|L (8, x) |< ———=+——_., 


H, IPHHHMax BO BHHMaHHe YCJIOBHA JIEMMbI, NOJIY4aemM 


[L (s, x) | <e2/r- 


JlokasaTeabcTBo TeopeMbB. Jus oKa3aTempcTBa WocTaTosHO 0+ 
Ka3aTb, 4TO, eCIH | 
Zt OS Qri 

7 = (log D) rte WMeetD = .(ar oso 


TO BBINOJHAIOTCA YCOBHA JIEMMBI, T. €. OY CCo/logD wu ay <B;, i=1,..J 
.,/. Ho, mpymenaa tTeopemy 1, umeem ow = 3(log?a,/ay)/*; B; = 


a 1 
= — (a, log a,)”. 
ay 


YcJIOBHA JIEMMbI IIPHHHMAIOT BHI: 
a) 3 (log? a, / ay)” (log D)P < ey 


wer 
0) a/«/ (log a) < (log D)&r1. 


Torfa a) cnefyetT u3 Toro, uto log D< (a,/log®a,)”, a 6) oueBHHO 
aia Q>3. Vrax, Teopema noka3aHa. 
Teopema 3. Ecau yp(k)— nepsoobpasnoiti xapaxmep no modysro D u 
Q4+1 


log D < (a, /log®a,) 4, Q>3— nocmonnnaan, (a,/ log? ay) > 13, mo 
L(s, x) He umeem Hyaeti 6 o6nacmu | 
Cc 
o> 1— SO a ee ee 
log@*1 Dp. log log D 
Snecb OKasaTenbLCTBO He IpHBOAMTCH, HOO OHO COBeplleHHO aHaslorHuyHo. 
oKasaTebcTBy Teopemb! wa D =p" (cm. (+), Teopema 3). 


Matematuyeckui uucTutytT uM. B. A. Crekanosa Tocrynua0 
Akajemuu Hayk CCCP 3) Xo 960 
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Jloxrnagmn Akagemuun nayxr CCCP 
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MATEMATHKA 


A. A. KHPHJIWJIOB 


YHUTAPHBIE TPEACTABJIEHHSA HWJIBMOTEHTHbIX TPYNM JIM 
(ITpedcmaenexo axademuxom H. I. Mempoeckum 26 XII 1960) 


B TeopHW yHHTapHbIx npescTaBieHui rpynn JIM oObmHO paccmaTpHBaioTca 
CUleA youve 3ayagu: OMMCaHHe MHOKECTBa HEMPHBOAMMBIX MpelcTaBIeHHH, aB- 
Had KOHCTPyKUMA MpelcTaBeHHH, BLINHCJIeHHe XapaKTepOB, pa3slo*KeHve Ha 
HEMPHBOAMMbIC KOMIOHEHTHI NpeAcTaBJeHHi, peaslH3yrolluxca B *byHKIMAX Ha 
OMHOPOMHEIX MHOrooOpasHAX, pasJlOxXKeHHe HeMPHBOJHMbIX MpescTaBeHHi 
TpyMMbl Ha HEMpHBOLMMbIe MpescTaBeHHuA nomrpynnbl. B wacrosmeli 3ameTKe 
STH 3aJlauH pellaloTCA [WIA CBASHbIX HMJIbMOTeHTHEIX rpyun JIu. Uacruunpie 
pe3yJbTaTb WIA STOO ciyyad Opium nomyuenbi JtuKcmbe (+) wu aBropom (?). 

Ilyctb G—csBa3sHaa ofHocBasHaa rpynna Jlu4, G—ee anredpa ZJIu, 
G’ —MpocTpaHCTBO BeII€CTBEHHHIX JIMHeMHbIX yHKUHOHAaNOB Ha G. B mpo- 
cTpaHcTBe G jlelcTByeT MpucoefuHeHHOe MpescTaBseHue p rpynnpt 6. O6Go- 
3HauMM Yepe3 Pp’ JBOHCTBeHHOe IipefctaBsenve G B mpoctTpauctse G’. 

Hasopem nojflanreOpy G,C/G nofunHenHonw dyHKuMonany fEG’, ecru 
(7, [21, Z2]) =O Ona Bcex 21, G2E6G,. Jlerko BugeTb, 4TO ecmH NopanreOpa 
G, noyuMHena (byHkunouany f, TO dopmyua 

exp g — etli-8) (*) 
BajlaeT OJHOMepHOe YHHTApHOe MpefcTaBseHHe COOTBETCTBYIONeH NOArpyMUBI. 
(exp — KaHOHHYeCKOe OTOOPaKeHnne asireOpb! Ha Tpynny). 

Teopema 1. I/ycme f —npouseoreHett dynkyuonan na G; G, — noo- 
aneeOpa MAKCUMAAbHOU pa3smepHocmu, noduuHennas f. 

A. ITpedcmaenenue T epynnot ©, undyuupoearnnoe OONOMepHOLM NpeOcmae- 
AenueM (*) nodepynnol Gy = exp G,, HenpUusodUuMmo u He 3aeucum om eolbopa G, 
(mounee 2060p, npedcmaerenusn, coomeemcmeyroiue OOHOMY Ee : 
uU pasHelm nodaneebpam G,, aKeueaneHmHel). 
5B. Mpedcmaeaenun T, u Tz, coomeemcmeyrouue gynkyuonanam f, u fo, 
BKEUCANECHIMHOL MOz20a U MOAoKO mozda, Koz0a f, uU fo NpuHAadnexcam OOHOti 
op6ume @ G’ omHocumerbHo p’. 
>» B. Kastdoe nenpueodumoe ynumapxHoe npedcmaerenue © coomeemcmeyem 
Hekomopomy dynkyuonaany f EG’. 

OTY TEOPeMY MOXKHO MOKa3zaTb HHAyKUMel MO pa3MepHOCTH TpyNMb!, n0- 
jloOHO TOMY Kak JloKa3aHa OCHOBHaA Teopema B (?4). 

PaccmoTpuM mHoxecTBO X (G’) op6uT B G’ oTHOCHTeIbHO p’. Teopema | 
YcTaHaBJIMBaeT B3aNMHO-OMHO3HAUHOe COOTBeETCTBHE Me%Ky MHOKeCTBOM 


XG) M MHOxKeCTBOM @ BceX HeNpHBOAMMBIX YHHTApHEIX Tipefcrapsennli G, 
PaCcCMaTPpHBaeMbIX C TOUHOCTbIO 0 ZKBUBaJeHTHOCTH. OGa 3TH MHOMKECTBAa 
MOXKHO paCCMaTpHBaTb KaK TomosorMyecKHe pocrpaHcTBa. Tonoorua 
B X(G’) ompesemaetca Kak HanOoslee CHJIbHaa, B KOTOPOM eCTeCTBeHHOe 


‘oToOpamenue G’—> X (G’) HempeppipHo. Tonosoruio B & MOxKHO safaTb ycuio- 


BHueM: mpencrannenua TJ) cxogatca K npescrapnenuio T, ecu Ana Kax- 
oro BekTopa xX H3 MpocrpaHcTBa mpelcraBseHua T HaliyTcA Takue BeK- 


Topbl xX, H3 Mpoctpancrs mpencrapsenui T, ato fn(g) = (TYxn, Xp) CXO- 
Matca K f(g)=(T,x,x) paBHOMepHO Ha KaxKOM KomHaktTe BG (*). Cy- 


HlecTBY10T Apyrve ONpeseienus, MpHBoAANe K Tol 2%Ke TOHOMOrHU BG (S;2). 


i Teopema 2. Omo6paoenue X (G’) 6 6, onpedeaennoe meopemott 1, xe- 
‘NpepolbHo. 
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Kak joxa3ano B (14, 2°), naa KaxkoH OCHQBHOM (T. €. OecKOHEYHO WuIp- 
bepenunpyemoli u Opicrpo yOprBaiomle) (pyHkiuu @ Ha © u moooro Henpu- 


BOAMMOrFO YHHTapHoro pescTaBseHna T rpynmbl 6 onepatop 7, = \ @ (g) Tedg} 
uMeeT ciel. O6obmjeHHad PyHKuNA y Ha G, onpelenenuHaa (tbopmyson (xy, P) =! 
=spT., Ha3biBaeTcH XapakTepom npegctasenun T. Jina sBbmuucnenua 
xapakTepoB Ham OyjeT yoOHee BMecTO (PyHKUMH @ Ha © paccmaTpuBaTb| 
cbyHKuMIO (2) = g (exp g) Ha anreOpe G. OuepuqHO, Karol OCHOBHOH pyHK-| 
Hu @ Ha G coorBercTByeT OCHOBHad (pyHKUMA p Ha G u OOpaTHO. B upo- 
eTpauctse (pyHkuni wa G MOMKHO ONpesetHTh Mpecdpasopanne Pyppe,| 
nepeBowaulee OCHOBHY!IO (yHKUHIO (g) B OCHOBHYIO @dyHKMIO (f/f) = 
= § ef?) wh (g) dg ua G’. Ilpeo6pasopanuio Pypbe ocHOBHBIX (pyHKIHH CooT-| 
BeTCTBYeT, Kak OOSIUHO, HpeoOpasopanve Dypbe OOoOOMeHHBIX (PyHKUMH. 

Teopema 3. Ecau y xapakmep nenpueodumoeo ydumapnoeo npedcmagse- 
HUA epynnel G, coomeemcmytouyeeo 6 cuay meopemo! | HeKoMopotl opoume 2 6G’, 


mo eeo npeoOpas0eanue Pypoe y, coenadaem c 6-yAKyuUeli, CocpedomouvenHot Ha 
Q. (Tounee na Q cywecmeyem mepa dw, uxeapuanmHan omHOCcUumeAbHO Pp’ 


makasn, umo OAa <Arwboti ocnoeHot dyxKyuu h na G’ (¥,h) =\h(o) da.) 
A 

SBHaH KOHCTpyKUMA WpesqcTaBueHHu, WanHHas B Teopeme 1, No3BOAeT 
BbISCHHTb CBA3b M@KLY UpelCTaBJeHHAMH TpyNbl HW UpescTaBJIeHHAMH TO] 
rpyntbl KopasMepHoctTu |. C moMomlbIO HHAYKUWH 10 KOpa3MepHOcTH MO,- 
PpYHMbl TMOyYeHHbIe Pe38y/JbTaTbl MO2%KHO TepeHecTH Ha JNOObIe CBA3HBIC| 
3AMKHYTbIe MOAPyNMbl. OTO MPHBOAHT K pelIeHHIO 3aay, O KOTOPbIX TOBO-| 
pusocb BO BBefeHHH. Mp ccsopmMyaupyeM TOMbKO OKOHUATeMbHbIe pe3yJIb-| 
tatpl. [lycrb 6,— nolrpynna &. Torga onpefeneno ecrecTBeHHoe OTOOparkeHue 
p: G —G. | 

Teopema 4. Henpueodumoe npedcmaserenue epynnot &, coomeemcmeyw-| 
wee opbume 2G’, pasaaeaemcA 6 NpAMOLL UHNMeepan (UAU NpAMYIO CYMMY) 
HenpuseoduMblx npedcmasrenutt nodepynnol G,, coomeemcmeyroujux mem opbu- 
mam 6 Go, Ha KOMOpole paccaaueaemca p (Q). 

Teopema 5. [Iycmb nwenpueodumoe npedcmaerenue U nodepynne 6, 


coomeemcmeyem opoume 2, Go Toeda npedcmaerenue ©, unOyyupoeannoe 
npedcmasaenuem U, pa3saaeaemca @ npsAmoti unmeepaa (npAMYIO CyMMY) He- 
npueooumolx npedcmaésaenuti G, coomeemcmeyroujux mem opdbumam Q @ G’,| 
das Komopelx p(Q) codepocum Q,. | 

B wacrHocru, lpeqctapsienue, peatusyioujeecd B (pyHKuMAX Ha 6/G,,| 
pasularaeTcd NO TpeAcTaBJIeHHAM, COOTBeETCTBYIOINMM TeM OpOnTam @, jIsl 
KOTOpBIX p(Q) coxepxKUT HyJeBOoH (byHKIMOHAI. 

Teopemp!t |—5 nepeHocsitca Ha HeOJHOCBASHbIe PpyMibl CeyIoulHM OOpa- 
30M. Ecan © Heolnocas3Ha, TO IPH KAHOHHYeCKOM OTOOpaxkeHHH exp: G>©G 
llesiaa pemetka AR (CG nepexoquT B efununy rpynnb! ©. OdosHaunm yepes} 
G aGenesy rpynny G/R u uepes G’ — yeolicrsenuyio eli rpynny. Tory 
Teopemb! 1—6 cnipaBeAIMBbl JWI HeOMHOCBASHBIX Tpyl, eC 3aMeHUTH) 
G, GilG iG, warG Ge G, Go coorsercrBeHHo. 

SameTHuM Takxe, uTO Teopemp! 1, 2, 4, 5 mepeHocaTca Ha HeKOTOpbie pas 
peliHMble Tpylbl, B YaCTHOCTH Ha TpeyrOJIbHble MaTPHUHbIe PpyIMbl. 

ABTOp BbIpaxkaeT ucKpeHHioI0 Oarofapnocth VW. M. Tempibanzy 3a m0- 
CTOAHHOe BHHMAHHe WH IWeHHbIeC COBETHI. 


Mockoscknit rocyqapcTBeHubili yHuBepcuter Tlocrynuso 
um. M. B. Jlomonocosa 20 XII 1960_ 
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Jloknzayqn AkKawemMun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


Usneu-koppecnonyent AH CCCP C. H. MEPIEJIAH 
O HEKOTOPDBIX KJIACCAX MHODKECTB HW UX TIPHJIOKEHUAX 


1°. Ilyerb W o3HayaeT HeKOTOPOe CBONCTBO, OMpeseseHHOe 10 OTHOILIe- 
HHIO KO BC€M 3a4MKHYTbIM OTPpaHHYeHHbIM MHOMKECTBAM Ha TVJIOCKOCTH, H 
My — COBOKYMHOCTb BCeX 3AMKHYTHIX OFPAHHUCHHbIX MHOXKECTB, oOmamarontnx 

cBolicrsom W. 

: CporcTBo W uv onpeyessemblli STHM CBOMCTBOM Kmacc My Sytem Has3bl- 
: IN paBUJbHBIMH, CCIM BHINOJHEHbI YCOBNS: 

i . MowoToHHocts. Kaxkfoe 3aMKHYTOe HOMMHOKeCTBO MHOXKECTBA 

43 a BXOJMT B My. 

es 2. AX AUTHBHOCTb. CymMmMa KOHeYHOrO 4NCa MOMapHO He MepeceKalo- 

MWMXCH MHOMKECTB H3 My MpHHaaNeKuT My. 

' PaccMoTpHM Tpov3BoubHOe 3aMKHYyTOe MHOxecTBO E. Touxy € €E Ha3o- 
pem W-rouwKkon EF, ecan rlepeceyeHne Ec w06bIM 3aMKHYTbIM KpyroM 

ce IlGHTpOM B C He o6naqaer cBolctsom W, T. e. He BXOLHT B My. CoBo- 
‘KYIHOCTb Beex W-Touek TpefcTapiseT 3aMKHyTOe MO-MHOMmeCTBO FE, KoTOpOe 


oo3Hauum ES) u nasopem W-npou3Bonzunim E nepsoro nopayka. 
Ecau % — venoe nonoxKUTeMbHOe YNCO HIM TpaHciHHUTHOe YHCO MepBoro 
‘pola uw MHoxKecTBO EM» onpeneneno, To W-npoussnogusm E nopax- 


xa o, EW, va3zopem COBOKYyIHOCTb Bcex W-toueK MHOKeCTBA EG. Ecau 


& — TpaHcdpHHUTHOe YHCIO BTOPOTO pola MH BCe EER Sas onpeyeJleHbl, 7 
‘B KauectBe W- ANOLE ne E nopsaka & mpumem nepeceyenne Beex Ey 


B< a. 
' B cuay Teopemp!t Bapa MOHOTOHHO yObIBalollad MOCeLOBAaTeIbHOCTb 3aMK- 
HYTHIX MHO2KECTB 


N. 
Fi Pe OEY Pe? ate EY aE oe 


( 
‘cramuonapua: HauHHad Cc HekoToporo 7 < 22, Bce EY, 8>>7 copnazator 


‘ HeKOTOpbIM MHOxKecTBOM Ew, KoTOpoe Hasopem W-sa pom E. Sto muHo- 
OKecTBO TOKecTBeHHO cO cBOHM W-npoH3BOXHbIM MHOKECTBOM TepBoro 
mlopsjka, T. e. aBsaetca \V-copepleHHbIM MHOKeCTBOM, HM JO00e W-coBep- 
eHHOe MomMHoxecTBO E npuHafsexuT Ey. 

' Ecan Ew —nyctoe myomecrso, To E na3opem W-npuBpoxumum. Jlw- 
60e MHOKecTBO H3 My ABNAeTCA, O“eBHAHO, W-mpHBO_MMbIM. Popmysupye- 
Moe HMKe TpelomwKeHHe B H3BECTHOM CMBICIe OOpalllaeT 3TO OOCTOATEbCTBO 
WU cipaBeluBO [A UpousBOsbHOTO 3amMKHyToro & u smoOoro MpaBMAbHOrO 
Klacca My. 

_ Jlemma. Muooecmeo E npedcmaeumo @ eude 


E = Ew -- Be Ea. (aoe CL si, isi E My. 


n=t1 
Cnencrsue 1. Jina toro urodp E Opinio W-lpHBoxMMbIM, HeEOOXO/,HMO 
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HW jlocTaTouHO, 4uTOOb! E ABJANOCb CYMMOM KOHeYHOrO HIM C¥YeTHOrO 4HCJIa} 
MHOXKECTB H3 My. 
Cuenctiue 2. Jlo60e u3 cnelyiouluxX TpexX YCNOBHH SKBUBAaJICHTHO} 
W-npuponumoctu E: | 
1. Cpeau 3aMKHyTBIX nMosMHOxecTB E Her W-coBpepllieHHbIX MHO?KECTB.| 

2. W-npowsBoqHoe MepBoro nopsfKa or mo0Ooro 3samkuytoro F €E HUTe| 
He IWIOTHO Ha F. 

3. Kaxkloe 3aMKHyTOe MosMHOxKecTBO £ cosepxKUT Nopuuio, NpHHawerxKa- 
ULYIO MHOKecTBy H3 My. | 

2. Tpodmema MoutTeaa. BcBa3u c npoOsmemou Montensa, 3aKs10-| 
yalollelica B ONpeesIeHHH CTPyKTYPbl MHOMKECTBA TOUCK HepaBHOMePHOH CXO-| 
mquMmocTy nojmHHomoB, M. A. JlappexTpes (*) BBe Kaaccbt M- u M*- muoxects| 
H NOY pelleHve ITOH 3aqauH B TepMHHaXx /M-MHOXKECTB, a TakxKe yKa3aJl Ha 
peLyYKIMIO NpoOOJeMbI MpescTaBeHHA *PyHKUMM CXOfsUeHCA MOCIeLOBaTeIbHO- 
CTbIO TOJIMHOMOB K mpoOsmeme Bapa, cocToallelH B NpesCTaBJIeHHM dyHKWAH Cxo-| 
Jamlefich WM paBHOMepHO OFpaHHYeHHOM MOCJI€AOBaTeJIbHOCTbIO IOJIMHOMOB. 
B Apyrux TepMHHaX MHOKECTBO TOUeK HepaBHOMePHOM CXOMMOCTH MOJIMHOMOB 
oxapakTepu3oBaHo Taptorcom u Poseutaviem (?). 

JlemMa HW ycTaHaBJIMBarollve ee paccyKIeHHA MpHBOAAT K HOBOMY IpocTomy 
NOKa3aTeIbCTBY 9THX pe3syibTaTOB JlaBpentbeBa, Taprorca u Poseutasa, BbI- 
ABJISIONLEMY OHOBPCMeHHO KOHCTPYKTHBHYy10 XapakTepucTuky M- u M*-mxo-' 
*KeCTB THA Fg. 

Onpemeneuue A. Bygem ropoputh, uro FE fonyckaert 
A-npeacTtaBaeuHnve, ecmH E paBHO CYMMe paCIIMpxIOULHXCH 3aMKHYTHIX 
H OPpaHHYeHHbIx MHOMKeCTB E,, KaxKfOe H3 KOTOPLIX ABJIACTCA TpaHHleli He-| 
KOTOpOH OOacTH, cofep»xallleH z= oo. 

Onpengenenue B. MuomectBof FOU yCcKae?T Pipex c Tams 
leuwe, ecaH & paBHo CyMMe pacliHpAIOUJMXCA 3€MKHYTHIX H Orp aHHUCHHEIX | 
MHOXKECTB, KaxkKOe H3 KOTOPbIX HHIe He MJOTHO MH He pa3sOMBaeT MIOCKOCTH. | 

Onpeheneunue C. Maoxectso EF gaonycKraetT Crnpercras| 
Jl@HHe vepes MHOxecTBa E,, ecu E paBHO CyMMe paclIMp sIomluxca 3aMKHy- | 
TbIX OfPaHHYeCHHbIX MHOMKeCTB FE, KaKMOe H3 KOTOPHIX He pasOuBaeT MJIOCKOCTU. | 

Teopema 1. aa mozo umo6e: mxnoocecmeo E muna F, Ov1ao M-mno-| 
aeecméeom, HeoOxoduUmo tu Cocmamo4Ho, umobor E Oonyckano A-npedcmaearenue. | 
Jaa mozo mobo muoocecmeo E muna F, 6v120 M*-mxoocecmeom, neobxodumo} 
u Oocmamouno, amobvi E Oonyckano B-npedcmaeaenue. : 

Tlyctb G — mpon3BoubHOoe OTKPHITOe MHOXKECTBO Ha MIockocTH u E — MHO-| 
*KeCTBO, IIpHHalexkanlee G A 3aMKHYTOe OTHOCHTeJIbHO G. Touka CEG Ha3bl-| 
BpaeTcH HPperyaApHOHKH TOUKOH, cxosamelica B G mociesoBaTedb- 
HOCTH MOsMHOMOB P,,(z), ecu He CymlecTByeT OKpecTHOcTH C, B KoTOpoH P,(2) 
CXOAATCA PaBHOMepHO. 

V3 teopembr | BbiTeKaeT culeqyroulan dOpMYJIHpOBKa YNOMAHYTHIX pesyJIbTa- 
Top M. A. Jlappeutpesa. 

Teopema 2. J[na mozo umobu E coenadano c mHooecméom ecex uppeey-| 
ASPHOLX mouweK HeKomMopot cxoOsmuetica 6 G nocaedoeamerbHOCcMuU NOAUKOMOE. | 
HEOOXOOUMO WU OOCIMAaMO“HO, “MOObL GbINOAHAAUCH YCAOBUA: 

1. Cywecmeyem HeoepanudenHoiti KoHMUHYyYM, codepocauut E u npuxadse- 
xauut cymme E u epanuyo G. 

2. Samxnymoe E donyckaem A-npedcmasearenuc. 

Ilycrp / (z) ompenenena 4 OfHO3HauHa B G u E — muHoxKeCcTBO ToOUeK G, B KO- | 
Toppix / (z) HeanamuTuuHa. | 

Teopema 3. Jaa mozo umo6e cywecmeosana nocaecdoeamenbHocmb no- 
AUHOMOB, CxOOtUARcA 6 G K f (2), HeOOXOdUMO U JocmaMOXHO BbINOAKERUe YCAO- 
Buti: 

1. Mnoocecmeo E donyckaem A-npedcmaeaenue uepe3s mHoowecmea E,, n > 1. 

2. aa so602e0 En, n> 1, cywecmeyem nocaedosamerbHocmb noauromos, 
pasnomepxHo oepanuuennolx u cxodsuyuuxca na E, « f(z), En = CNco (En), 
Aco (En) — 062acmo, Oonoanumenonan K En WU codepocauaa z = oo. 
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Teopema 4. J[12 mozo umo6ei swb6ax d@ynkyus nepeoeo Kaacca bapa na 
muoocecmee E muna F, s6aanace npedenom cxodmuyetica Ha E nocaedosameso- 
HOCMU NOAUHOMOG, HEOOxOduUmO uU Oocmamo4uno, 4mobot E donyckano B-npedcmas- 
Aenue, M. €. PABHAAOCH CYMMe BAMKKYMLX MHODKeECMs, HA KaoKOOM U3 KOMOpDLX 
Moban Henpepbi6nan @ynkyua OonycKaem paeKomepHyto annpokcumayuto noau- 
HOMAMUL. 

S 3°. WpoOnmema HauAyUMeH MaxopauTu. Ilycr M (2), 
1< M(2) < co, — mponsBobHaa u3mepHMaad dbyHKUMA, onpemetenHad Ha 
Bceli MOCKOCTH, H m (z) = sup |P(z)| B Kmacce BCexX NOJIMHOMOB, YOBJIeTBO- 
pAIOWlUxX HepaBeuctBy | P(z)| < (1 + |z|)M(z) B Kayo TouKe mmocKocTH. 
[IpoOsema Hannyumei MaxkOpaHTHI, COCTOALaA B ONpeeneHHH MAM OMeHKe 
m(zZ) B-3aBMCHMOCTH OT 3HayeHul M(z), TecHO cBa3aHa C BONpOcaMH MpHOmHxKe- 
HUM M pelleHa AJId HeMHOFHX CMelMaJIbHbIX KaccoB dyHkuHu M(z). Jlemma 
NOSBOAeT WaTb OOULyIO TONOMOrMYeCKy!IO XapakTepHcTHKy Havmyumel maxo- 
PaHTb! m(zZ), T. €. yKa3aTb CTPyKTYPy MHOMKeCTB, Ha KOTOPHIX m(z) KOHeYHAa U 
orpanuuena. 

> Teopema 5. Ana mozo umober cywecmeosana dynxyun M(z), 1< 
<M (2) <00, makan, «mo 6o ecex mouxax E m(z)<.co, a ecwdy ene E 
m (2) = co, HeoOxodumo wu Oocmamouno, umobst E O6olao muna Fs, u 
Oonyckano C-npedcmaerenue 4epes HeKomopole mHosKecmea En. 

_ Ilyerb G o3HauaeT MHOKeCTBO BCeX TOUeK, ABJIAIONINXCH BHYTPpeHHHMA 
TOUKaMH m0 KpaltHeli Mepe ofHoro u3 E,,n > 1,4 D—copokynHocTb BHyT- 
penuux Touek E. Muoxectso G onpeyensnetca C-npegzctapnenuem E, npuuem 
Beerja GED. Ecnau E jonyckaet C-npefctrapmenve, TO Takoe mpejcTapse- 
HMe He CJ MHCTBCHHO; COOTBETCTBCHHO jlJId MHOXKecTB E, yOBMeTBOPAIOMLAX 
YCNOBHIO IIpefbIyllel TeopeMbl, MOJyualoTCA pa3JIMUHbIe OTKPbITHIe MHOKe- 
cTBa G, Bxofamue B D. Kaxyoe u3 TakKux G cBa3aHO TO cyLlecTBy co 
CBOHCTBOM HaHJlyulleH MaxKOpaHTbIl; 9TO CBOHMCTBO XapaKkTepH3yeTcCA IpHBo- 
TMMbIM HHKe TipeoxKeHveM, YCHMMBaIONlMM Teopemy 5. 

' Teopema 6. Jina mozo umo6e cyiuecmeosana gynkyun Miz), 1< 
< M (2) 00, makas, umo m(z), paeHan + oo ecrody ene E, Koneuna @ mou- 
Kax E u oepanuuvena 6 oKpecmuHocmu srboti mouku us GEE, Heobxodumo 
wu Oocmamo4uHo, umo6el mHoocecmeo E paeHAnoco CYMMe paciluUpsArOLUUXcA 
BAMKHYMbIX O2epaHudenHolx mHoocecmée En, He pasOuearwujux naockocmb, a G 
eoenadano C coeoKYynHOCMbIO e6HYMpeHHUx mouek ecex Ep, n> 1. 

' Jina samKuyTbix 4 ure He IWIOTHEIX MHOxecTB E cymlecTBoBaHue HaHyy- 
Mel MaxKopaHTL, KOHeyHOH B TOUKaX E uw OecKoneyHOH Ha ZonoOmHeHMM K E 
SKBUBaJICHTHO TOMY, YTO MHOxwecTBO & onycKaeT B-npescTaBJienHve, T. e. AB- 
Maetca M*-mHoxmecTBoM. CooTBeTCTBeHHO MOKHO YTBepKLaTb, 4YTO cyumlecT- 
BOBAHHe Hausyuleli MaxKOPaHTbl, KOHeYHOM B TOUKaX. E wu HeorpaHwyeHHOU 
B j1000H OKpecTHocTH s1060H TouKH E, 9KBUBaIeHTHO TOMy, 4¥TO E JonycKaeT 
A-mpelctapenue, T. e. aBsseTca M-muoxecTBom. B nepBom culy4ae MHOXKECTBO 
rouek, re m(z) =oo, coBlagaer c JomomHeHHem K E& HM TOTOMY BCIOLY MIOTHO 
4a E, BO BTOPOM C.Jly4ae 3TO MHOKECTBO NPHHaAexKUT LOMOHeHMIO K E u TaK- 
ke BCIOAY MIOTHO Ha EL. 

' 4. Becopne NpvHOAuKEHHA TOAMHOMAMH. Byjsem ro- 
BOPHTb, 4YTO CHCTeMa MOJMMHOMOB MO MHa c BecOomM A(z) > 0 Ha 3aMKHy- 
tom £ B mpoctpanctse C, ecu, KaKoBa Obl HH Oblla HeNpepbIBHad Ha E dyHK- 
tus 7 (z) c yenosuem lim f(z) = Ou e > 0, cymectByer nomMHom P(z), yqoBue- 


Z—>00 


‘BOPAIOWLHH HepaBeHCTBY 
sup h(2)| f (2) — P (2)|<e. 
Z 


Teopema 7. Ja moezo umobol na mxoscecmee E muna Fe cywecmeosana 
lonoocumenonaa dynkyusn h(z), oOecnewusaroujan eecosyto NOAKOMY ClicMembL NOAU- 
| 4 Ha E, neooxodumo u Oocmamouno, umobot E donyckano B-npedcmaearenue. 
| Takum oOpasom, Aisi HUrfe He MIOTHbIX MHO2KECTB E tuna Fo BO3MOx- 
| focTp mpeictaBuTh Ha E soOy10 TOUCUHO-pa3spbIBHYIO Ha COBEPUICHHBIX MO]- 
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mMHoxkecTBax E dbyHKUHIO CXOAMeHCA MOCeFOBATeIbHOCTbIO TOJIMHOMOB paB 
HOCHJIbHa TOMY, YTO CHCTeMa NOJIMHOMOB TIoIHa Ha EF BC Cc HEKOTOPHIM TIOJ1I0%KH) 
TebHbIM Becom A (2). 
Cuepyrouiee IIPCMIOAKeHMNe YCTAHAB/IMBAeT CBASh MEK IY BeCOBOH MOJIHOTO! 
HM CBOHCTBOM HaWJiyalleH MaxKopauHTsl. 
Teopema 8. Jaa noanomol cucmemol NOAUHOMOB C BecoM Ks Z) HA 30MKH 


wan maxcopanma m(z), coomeemcmeyouan dynxyuu M(z) = = 1/h(2), z€ E| 
M(z) = 0, z2€E, yoosremeopsaa ycaoeuto mz) = co 6 Kaxcdoti mouKe exe E} 
5°. Tlomnota cuctemp pamvOHaTbHEX byYHKUN ii 
Teopema 9. Ecau samknaymoe E séeanemca cymmoti cuemHoeo WUCAQ 3a. 


@ C, mo noanoma 6 we CUCMeMbL PAUUOHAALHOLX QyNKyU OyOem umemo mecmo 1) 
Ha E. 

Caeyetseue, {na Toro uToOp m00ad HelpepbiBHad Ha 3aMKHYTOM & 
(PYHKUMA JOMycKaJia paBHOMePHYIO AllNpOKCHMalMiO palMOHaJIbHBIMM PYHKUNA) 
MH, HeOOXOHMO MH JOCTaTOUHO, 4TOOLI KaxKoe 3aMKHYTOe MOAMHORecTBO F 
coflepxKaJioO MOpiHio,. Ha KOTOPpOHM CHcTeMa palHMOHaJIbHbIX (yHKUHH NoJHaA 

Teopewma 10. Ha swbom 3amkxymom mnoocecmee, OonycKarowum A-nped 
cmablenue, CUCMeMA PaA\UOHAAbHELX GbyHKyUuu nNnoANa. 


oOrHueckKUX TepMHHAaX. 

Teopema ll. Jaa moeo umo6ol awbaa MynKyUuA nepeoeo Kaacca 4 BAp 
Ha samKHymom E se@annace npedenom cxodsuuetica Ha E nocraedogamenroxnocmi 
PQAYUOHAAGHOIX GbyHKYyUtl, HeodOxodUMO uU Oocmamo4Ho, umobo Ha E cucmem 
PAUUOHAABHOLX GbynNKyUul Oolaa noaKa 6 npocmpancmee C. 

SametumM, 4uTO TOHATHe W-npHBogumMoctu jzna M- nu M°-muoxects 6e 
yKa3aHHOM BbIWe JeMMbl paccMaTpHBanocb Taptrorcom u Posentasiem, yecral 
HOBHBUIMM JJIf 23THX MHOKeCTB cyefcTBHe 2. 


Tlocrynu0 
Sy TBE ere 


HWHTHPOBAHHAS: JIATEPATYPA 


4M. Lavrentieff, Acta. Sci. Ind., Ne441, Paris, (1936). *F. Hartogs 
A. Rosenthal, Math. Ann., 100, 212 (1928). : 
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Toxrazagm AkagemMmuu nayx CCCP 
; 1961. Tom 138, Ne 2 


b. C. MHTSAPHH 


0 BECKOHEYHO AH®SEPEHUUMPYEMONM SYHKILMH C 3A AHHbIMH 
. SHAYUEHHSAMH MNPOW3SBOAHBIX, B TOUKE 


(ITpedcmaeaeno akademukom A. H. Koamozopoeum 17 XII 1960) 


1. 9. Bopenb B 1895 r. noKka3an, 4TO AA 3alaHHOM uuCHOBOL mMocwe- 
JOBATEIbHOCTH Qo, Qy,... MOXKHO TOCTPOUTb * B OKpeCTHOCTH HYyJIA GecKo- 
HeyHO Audepenunpyemylo *byHKunto w(t) TaKywo, yTo (0) =a,, nO. 
_Bo3HuK BOTpoc, MOXKHO JH MOCTPOHTD Taky1O (pyHKIMIO B 3ayaHHOM Kslacce, 
OlpeyesIneMOM HepaBeHCTBaMH Ha Mpou3sBoyHple. Jia Kacca anadHTHUeCKHX 
(pynKuan, rye |p (t)|<C"n", so, oveBuHO, BO3MO2KHO (C MOMOMIbIO pala 
,Tetinopa). na kBasvananuTuuecknx Kslaccop C (mn) wmeetca (3) Teopema 
_Kapsemaua, MOKasbipaollan, KaK NO 3HaYeHHAM MpOW3BOHHIX wp (0) = E, 
OMHO3HAYHO BOCCTAHOBHTb (byHKuMIO W(t)EC(m,); OHakO He AIA BCAKOL 
“GHCJIOBOM TocmefoBatembHoctu §& = (E,, m>>0) vaKoli, uTo \Sal< AB ‘it, 
CymectByeT B Knacce C (mn) dynKkunsa p(t) Takaa, uto |p” (t)| << A,Bitmn. 
_Bomrpoc 0 BO3MOXxXHOCTH TOCTPOeHHA B HeKBA3HaHAJIMTHYeCKHX Kaccax OcTa- 
BaJICA OTKPbITHIM. Ilepeq apTropoM 9TOT Bonpoc noctaBun T. E. Ilnaos. 

B wHactTosmei 3amMeTKe 110 3afaHHOH UHCJIOBOM mMocmeOBaTeJbHOCTH 
Qn,n=0,1,..., JonycKatome oueuxy |a,|<CB"n™, B>1, zua smo6oro 
-& >0 crpoutca Ha oTpesKe [—1,l] Takan OeckoHeyHO Andpepenuupyemax 
‘dyuKuua p(t), To aaa. (2) Cie 2) Te Benee, in 0) a 

t|<1 


Se 


_ =(cos 1 /28)—*. IIpusogxatca pasmuuHble CleACTBUA STOrO (pakTa, a TaKxe 


ero yTOuHeHHA H OOOOULeHHSA. 


: 2. PaccmotpuM (cp. (*), rm. 4) OaHaxoBbl MpocTpaHcTBa CPi sca 
 6ecKoHeyHO AudhepeHuupyemblx (byHKUHH Ha oTpe3sKe [—1,l] TaKne, TO 
BB 
(c= (9:| 9 |p = sup |g @)|/B"n"* < 00} 
| a eee 4 
BB ag eh (R) 74 12 2k p2kb\'/2 : 
og = 10: |olse= (> | 1p (t) P dt / Be \"<oo fs 
: @ Sal 
‘, BB ee ot (O83 
*mpoctpanctspo L,” rusmbOeptoso. [lomaraem mG : 
B 

@MyukuHoHan | Ha pocrpaHcTBe C*® (unu L3?) nasopem cocpesoro- 

“4Ye@HHBIM B TOUKE fy, ECAH OH OOpalllaeTcH B HYJb Ha BCeX (byHKUHAX 


BpEc’s, PaBHbIX TOXKeCTBEHHO HYJIIO B HEKOTOPOM OKPeCTHOCTH TOUKU fy. 
_/{na mpocToTs fasee pew GyeT uaTH O ToUKe fy = 0. C KambIM (byHk- 
“wuonanom f, cocpefoTOueHHbIM B HyJie, cBAxXeM ** tbyHKUHIO © (s) = 


. = f {ett h (—) | eraesa (¢) — mo6as_ cpyHkuna *** us CY, 1<y<B, paBpnas 

“Hysmto mpu |¢|>>1 u equnune upu |t|<'/,. SHayenua D(s) He 3aBUCAT OT 

€, TaK KaK (byHKUHOHaN f CocpefoToueH B Hyse. SameTuM, 4TO PbyHKWMOHa- 
‘nam 6,: 6, (9) = gp”) (0) coorpereTByioT (byHKuMH A, (8) = (is)". 

Jlemma 1****. ITycme f —cocpedomouennolii 6 HYyAe PYHKYUOHAA HA Npo- 

| cmpanicmee 6) FOE (s) —coomeemcmeyruan emy dyakyua. Pynkyusn ® (s) = 


* J[pyrue pemwieHua sToro Bompoca cM. B (?). 
| ** Ora yakuua O(s) apiserca Ha caMoM Jewle mpeoOpasopanvem Dypbe *PyHkKuMoHaa /, 
Bicp. (6), crp. 225. 
J oe 5 
*** © pocrpoenuu Takux dyHKunli A (f) cm., nampumep, (°), crp. 105. 4 
*et* AraslOrHuHblli (akT OTMeuaJcA B (*), cTp. 103, uTO H ObIIO OTMPaBHBIM MyHKTOM Halueli 
padorTel; Halle TOKasaTeJIbCTBO TeXHHUeCKH IIpoUle. 
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| MATEMATHKA 


co 
as Fas” seasemcn yeroli, u ee Koagpuyuenmot Tatiaopa yooeremeopsiom | 

z 
Cy (4 + 6)" IF Il 
B" (ncos x | 28)” 
He saeucaiuue om n u f. 

ToxasatTeabcTsBo. Cemelictso @s (t) = eh (t) 9emMeHTOB mpocTpan- | 
ctpa C°? ananuruuecku 3aBHCHT OT MapaMeTpa s IIpH BCexX ero KOMIMVJeKC- | 


HbIX 3HavUeHHAX; NOsTOMy (byHKuUHA OD (s) = f (Qs) — Wemas. 
Ilo ompemenenuio ®(s) mp rcex e >O0 cnpaBefquBa oleHKa bs (s)|< 


Ea 


HepaeencmeaM | fn |< npu ecex 6 >0, ede Cs — nocmosnuole, 


ue ie (7/2) \lp. Ilo peace ei A ne peta Ata, 
ltl<e : 


+ i C= isl. Tlostomy 
L e|t k A rt iS e|t| 1 A hoof 
Jet a (= ee | <errlc 2h, )re (4) (n — k)—hr < Ce (r +o nr)". 
BplOepem A Tak, uroOpr y<_ A<B. Torga np r<n* umeem 


(- + Aint " (1 aL Ayn 
€ & 
su Soci = Doo, 
nee Bn"? . n P Bn = 
(+n) (r+ rey 
sup . < sup - 2 
r>nh B'nrl n Btn 


las smo6oro 6>0 npn r>R(e,6;7/A) BbIMOMHeHO HepaBeHCTBO 


(r ie 2 rn)< ¢(1 + 6)r, mosTomy mpv TaKHx r HMeem 


(r+ Say" (1 + 6)"r" f B (Atos 
Brn = ouR Bryne ext Gal B ) oc } 


sup 
1" 
(10 MOBOy nocsieqHero HepaBeHcTBa cm. (*), cTp. 204). 

IlouyueHHble BbIIIe HepaBeHCTBa TOKa3bIBaIOT, 4TO, eCJIH COOTBeETCTBYIO- 
IMM OOpa30M BblOpaTb ocTosHHbIe C.3, TO pH Beex 6 >04u : > 0 BpI-. 
MOJIHeHBI HepaBeuctsa || eh (t/ &) ||a-< Ces exp ae |\+ Kr} nu | P(s)\|< 

4 1/8 
Ces exp {e|v| + Kr}; rye K = a (-) : 

Urax, dyuxuna P (s) — wenaa, Reapers MOpAKa MHHUMaJIbHOrO Tuma, 
HpH4eM Ha BeuLeCTBeEHHOM OcH ee MopswoK pocta 1/8<1 u Tun: Ko 
B /1+6)\16 
or leap ) B oueHKe |@(s)| He 3aBHcHT oT &. Torga, 10 yTOUHeHHOH 


Teopeme @Pparmena — Jlunyeneda *, BO BCeH KOMMJIEKCHOM IJIOCKOCTH cues 


BelMBa ouenka | (s)|<D,||f\lexp {T¥°Kr"}, rae Pp = (cos 1/28) * 


Hepapenctsa Kowu qua KOS@DHILAEHTOB Taisiopa H COOTHOUMeHHe (CM. (4), 


cTp. 259, dopmysa 5) int {r—" exp [Mri/8}} < C(M B *). (—)" marr | fn\|< 


< Ds (4 a Tp)" aA || j |, <0. Jlemma Tem caMbIM JlokasaHa. 


Ba, Herpyauo.npopepit uto mph B< B, < By uMewrT MecTO BJO*KeHHS | 
CC CL,*CC™, uw cooTBercTBy!olive OlepaTOpbl HeMpepbIBHLl. Orciong 


OYeBUAHO, YTO yYTBepxeHHe JIeMMbI | BepHO H AIA MpocTpaHcTBa tae 
OGo3HauHM yepes K (my) G6aHaxoBO MpocTpaHcTBO mocweqoBaTebHOCTeH 


ft 


E =(E,,2 >0) c nopmon |/E || = sup 


* Cm. (8)' crp. 70, Teopema 22; cp. co caeqcTBHeM Ha cTp. 71. 
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Teopema |. J[an smb6oe0 & >0 cywecmeyem aunelinolli nenpepolenotii 
onepamop L: K(B"n"’)-+CT8°+®’ maxou, amo (LE) (0) = En, n>0. 
WokasatenbctBo. Paccmorpum mpoctpaHcTBo Lee) = xX 
3aMKHyToe nosmpocrpauctspo FEyC X’ (yHKUHOHAaIOB, COCpeOTOUeHHbIX 
B Hysie. Ilo nemme 1 ana f€ Ey umeem |f,|<D||f|| (aor ope ee ei 0: 
[oe) 


MOSTOMY JIA BCAKOH a = (a,) EK (Bn ae mo copmyuie A(f) = ») (— i)" fn@n 


il 
Bt+e/4/ 


0 
omipeneasieres JHHEMHbIM HenpepbiBHbi d@yHKUHOHaN Ha Eo; elicTBuTebHO, 
| A (Ff) | <3 D\\F'\| (B Ie )" n—"°B'n™ | a|| = Ce || F| - ||@||. Hpoerpancrso 


a _ runs6eproso: mycTtb Py —onepaTop B HEM OPpTOrOHaJIbHOrO MpoeKTH- 
poBanus Ha Eo. Tlonoxum gan g EX’ A(g) = A(Pog) u oupesemHM onepa- 
top L: KX no dopmyne A(g) = g(La) aaa pcex g€X’, YTO BO3SMOXHO, 
Tak KaK PHJbOepTOBO npocTpaHcTBO pedmeKcHBHo. Onepatop L, Tak ompe- 
JIeJICHHbIH, JIMHeCH, HelpepbipeH (ero HOpMa He mMpespocxonzuT C,.), uw MpH 
Beex nm >O, Tak Kak dyHKuHOHamb 6, (MpoH3BORHbIe eubTa-c—yHKUMH) 
nexaT B Ey, Ana byHKunn p(t) = (La)(t) umeem (0) = 6, (~) = A (Sn) = 
Ptonye=(— i)" ("a, = An. 

IlocrpoenHplt onepatop L, Takum oGpa30M, yOBJIeTBOpAeT BCeM yCJIO- 
BHAM TeOpeMBl. 

Ilocrosunaa Ig = (cosa/28)—°, cburypupyiomlad B dopMyHpoBKe TeO- 
pembi 1, ABJIMeTCA TOUHOH B TOM CMBICJe, ITO cNpaBeVIHBAa: 

Teopema la. IJIpu aw6om e>0 xnaiidemca nocaedoeamenrbHocmb 


nUNGsee 
(En) €K (B"n "®) @na Komopoli He cytuecmeyem 6 npocmpancmee CP'*8\F—*) 
makou dyxxyuu p(t), umo g™ (0) = &,, n >0. 
_ JieicrBpuTenbHo, JonycKas MPOTHBHOe, MOXKHO MIpHuiTH kK YyTBepxXeHHIo 
wiemMbl 1, H jlaxe c O6oee TOUHOM ONeHKOH KosppunNeHTOB (pyHKIMH 
As (4 + 6)" || Fl 
D (s): | fa | << ——_— 
(sl: [fal S B— s)"(ncos x /28)°" 


uTO BCAKaA wWesan (byHKIAsA nopsfaka F(s) c Tunom By, = BY® wa semecr- 
BeHHOM OCH HMeeT BO BCel MOCKOCTH Tu He BHIe (B— £)/% (cosa /28)—1. 
Tipumeppt KOHKPeTHEIX (pbyHKuu (Cp. (§), erp. 70—72) moKa3bIBaloT, 4TO 
STO lpefiowKeHHe HeBepHo. TakoBa cxeMa fOKa3aTeJIbcTBa Teopembl 1a. 

Jlemma 1 u Teopema 1 BepHbl Hw B MHOroMepHoM cvlyyae. Jlanee gas 
MpoOcTOTb! (POpMYyJIMPOBOK MbI OrpaHHYNBaeMCA JBYMEPHbIM CJlyyaeM. 

Ilyetb K (mp;) —pocrpaHcTBO JBYHHJeKCHBIX MOCJeLOBaTesbHOCTeH § = 
wae 


, 6 >0, a “3 9THX OWeHOK — K BBIBO,Y, 


= (E,;,n,1>0) c nopmoii || E|| = sup 


Teopema 16. [na awboeo B » eS, cywecmeyem AUHEUHOLU Henpe- 
polenotii onepamop Pep B en 0) 3 C411 4 2) PeB mls ha Caen 
a. wmo D?Ds (LE) loo = Ent 

4. Temepb, Nocne Toro Kak NOCTpoeH JIHMHeEHHEIM ONepaTOp MpoosKeHHA 
by HKWH B Knaccax C® c TOUKH, C 3AMKHYTHIX MHOXKECTB MpOMOJDKaTb (yHK- 
[HH MO%HO TO cxeme YutTuu (°) (cm. TaKxKe (7°), § 3) C HeKOTOpbIMH ee 
VTOUHeCHHSAMH. 

Teopema 2. /lycmo F — npou360nbnoe 3amMKHYymoe MHOICecmeo, AedCA- 
wee BHYympUu edUHUUHO2O Keadpama. MootHo nocmpoumb AuHetHbIL Henpe- 
peeneili onepamop L us CS? 6 CPT82+° maxoii,umo daa p= Le DP Dep = 
=D: ‘Dip @ F npu ecex n,l>0, u 


] a | DEDYp (¢, 5) | nati | D7 Dig (¢, s)| 
; Pe peer Ser Bitte fe” 
n,é : 


nl 


V3 Teopempl 2 u pe3yibTaToB padoTpi (1) (reopema 4) BbiTeKaeT *: 


Teopema 3. Jlunetinoii yHKyUoHar g Ha Ch, ecau on cocpedomouen 
Ha saMKHymom mHoocecmee F, nenawem eHyMpU eOUHULHO2O Keadpama, Oo- 


nycKaem npedcmaeaenue g(~) = >, \ Di Dip (t, 8) dun, 20€ Un; — mepot xa F, 
nt pF 


npuwem Ona ecakoeo B > Var inp he Lt eotoan 


nl 


Teopema 2 no3BouiseT TakxKe TlepeHecTH Ha csyuall mpocrpaHcTs Ss 
(cm. (4), ctp. 210 u 282) pesynpTaTer Xepmansepa ((7°), § 4, 5) o AeneHuu 
Ha MHOTOWJIeH. 

5. Jaa mocieqopatesbHocTei Mn, nO, GOonee OOIeH NpUposb. eM 
n®, B>>1, MOwKHO JOKa3zaTb CJlexyloulee mpeyomwenne: 

Teopema 4. IIlycmb nocaedogamenbHOCMb NOAOICUMEALHOLX 4UCEA Mn, 
n>0, yOoeremeopaem caedyouum ycaoeuam: 1) OMHOWEeHUA Wn = My / Mn, 
lo = 1, MOHOMOHHO cmpemamca K OecKoHeuNocmu; 2) pAd Sup cxodumcs, 


[oe) 


a dt << co, ade w(t) =sup {n: pn < f}. Mycme 


uAu, 4mMO MO oe CAMOE, \ 
a 

=i! 
nocAaedosameAbHocmb Pn, moO, onpedeasemcaA COOMHOWeHUAMU Py, = 


co 
=F inf |r" exp ia isa lt 202 1) aeke 
1 

Toeda cytuecmeyem AunetiHolli NenpepoleHolil onepamop L us OaKaxoea 
npocmparncmea nocaedosameronocmett K (pn) 6 OaKHax06o Npocmpancmeo Oec- 
KOHeLHO Oudddepenyupyemolx gynkyutt C (mn) ** maxoti, umo (LE)™ (0) = Ep 
Onn ecex no>O u EEK. 

loka3aTebCTBO STOH TeEOpeMbI lO CyMlecTBY TaKOe 2Ke, KaK HU TeopeMpbl 1; 
IipH NowyyeHHH auvasora JIeEMMbI 1 HCMOJIb3yIOTCH HEKOTOPbIe OMeHKH HB (*). 

B 3akmioueHHve — HECKOJIbKO COB O (pyHKIMOHaJIbHOH pa3mMepHoctH df 


(ompefenenue cm. (1%), crp. 22) npocTpaHcTB Se 
Teopema 5. ®ywxyuonanonan pasmepnocme df {S°[—1,1}}=8. B cay- 


uae HECKOAbKUX nepemennolx df {SBBe Bn (eel ees >? B;, df {Se } = 


t=] 
fl 
ior 2) (; + By). 
tT 
MockoseKHi rocyapcTBeHHblit yHHBepcHuTeT Tocrynu.i10 
uM. M. B. Jlomonocosa 16 XII 1960 


HUMTHPOBAHHASA JIMATEPATYPA 


1E. Borel, Ann. Ecole’ Norm. Sup., (3), 12 (1895) *¢€. HH BepumTet mm 
Co6p.. cou., 1, M., 1952, crp. 107—111; M. Eidelheit, Studia Math., 6, 139 (1936); 
5B. M. Maxkapos, JAH, 127, Ne 5, 957 (1959), *T. Carl eman, LBecons sur les 
fonctions quasi-analytiques, Paris, 1926; A. T opus, YMH, Bs. 5, 171, § 3 (1938). 
4. M. Teapgaug, YF. E. Wuanos, OGo6mennsie dynkunn, s. 2, M., 1958. 
5'C Maugenpboponut, IpumetKatomue pagn. Peryiapusayua mnociesqopatesbHOcTeM| 
WI, 1955. 8U.M. Teapngbaug, VT. E. Uluaos, O6o6mennpe mynkuun, B. 1, M., 
1958. * Ch. Roumieu, Ann. Sei. Ecole Norm. Sup., 77; 1, 41 (1960). *°B.'$h) “file 
BUH, Pacnpesetenue kKopHei uetbIx dyukuni, M., 1956. ® H. Whitney, Trans. 
Am. Math. Soc., 36, 63 (1934); Tr. M. ®uxtrenrowasu, Kype gudhepenmmanbuoro u HH- 
TerpaibHoro ncuucnenua, 1, M., 1960, Jlononnenve. 1° JI. XepmMauep, C6opH. nep. 
Matematuka, 3, 5, 1959, crp. 117. ™6bB.C. Mutaruu, Tp. Mock. matem. o6m., 9, 313 
(1960). %#A.H. Koamoropos, B.M.Tuxomupos, YMH, 14, B. 2, 3 (1959), 


* B neTouHo opme H 6e3 JOKasaTebCTBa STOT (aKT OTMeuaIca B (11), Teopema 5. 
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Jloxzans Akayxemun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


B. T. MAXAJIBYUYK 


OAHA TEOPEMA CYMJECTBOBAHUS PALLMOHAJIDHbIX ®YHKUMK 
HA PHMAHOBDbIX MOBEPXHOCTAX 


(IT pedcmaeaeno axademuxon H. H. Bexya 2 I 1961) 


: . Ana Toro uroObl Ha 3aMKHYTOM puMaHoOBOl MoBepxHocTu R pofa 2 
RES elioe PpalMOHaJbHadA aHaMTHYeCKaA (PyHKWHA C MOOCaMH TepBoro 
HOpALKa B 3aaHHbIX TOUKAX Pp, (u=1, 2,..., 2) cooTBeTcTBeHHO c rjiaB 


HbIMH YWaCTHMH Q,, / Z, HeOOXOJMMO AOCTATOUHO BbBITIOJIHEHHE PaBeHCTBa 


nh 
>) 2,9 (2,.) = 9, (1) 
p=1 


re ~(p)— UpousBoJlbHah KOBapHaHTa Tepporo poya Ha R. 


_ SOTO yrBep2KeHHe MO2KeT ObITb BbIBeEAeHO U3 CJIeMyIoWero COOTHOMeHUA 
(cm. (4), erp. 204): 


| \F@) do = — 5} A,B, = 21 $) a,00,) (2) 
; J =] Die 
rie J —cucreMa KaHoHMYuecKHX ceyeHHit K,, Ko,..., Kog MOBepXHOCTH R; 


dw—aOenesp uddepenunan epporo pofa c mepHonamu A,, By Bomb 
Ko,-;, CooTBeTCcTBeHHO K3,; d/(z)—KOMMNeKCHO HOPMMpoBaHHbI adesleB 
Aupepenuvas BTOporo pola C TaBHbIMH YacTAMH —4,/2Z? B TOUKAaX P, 
oi = 1)2.3..., 7) uw nepvonamu A,, B, Bhonb Ky, cooTBeTcTBeHHO Ky,, 
npuyem A, = 0 (ycnoBpue KoMMseKcHOi HOpMuHpoBKnH). [Ipu stom z o3HayaeT 
WOKaJbHbIN MapameTp noBepxHocTn R. 
_ Llesbto cleAyioilero HM Ke ABAeTCA OOOOUeHHe YKa3aHHoro yTBep2Kje- 
HUA Ha Cilyyall KBasMaHaJMTHYeCKUX (pyHKUMK. 

2. lon KBa3HaHamuTHYeckoH cbyHkKiMel /(z) Mbl MOHHMaeM HelipepbIBHO 
Tu(pepeHuupyemoe pelieHwe ypaBHeHHsA Bua 


3 


: w-=B(2)w, |B\|<1. (3) 


; 
Ilyetb dj (z)— KomnuiekcHoO HOpMHpOBaHHbIt KBasHaHaJHTHYeCKHH Audppe- 
peHuvad (TakuM ero MOXKHO CfelaTb aHaJIOrHUHO CJIyYalO aHasIMTMYeCKOrO 


“upbepehivana), UpHnatexaului ypaBHeHHio (3), C MomocaMH BTOporo 
nopaqka B TOUKAaX Pp, (uU=1, 2,..., nm) MH COOTBeTCTBEHHO C IJaBHbIMH 
yacTAMH WdZ x, (Z, 2.) + iBidZ;., (Zz, 2), Tae o&, B, — MeMcTBuTeMbHBIe KOSh- 
(puiHeHTp! (cM. (7), cTp. 30). Ilyctb, nanee, dw = du --idv Spouse ome He 
KBa3vaHanuTHYecKuh Andpbepeniuuas nepBoro pofa u dw, (kR=1, 2,..., 2g)— 
‘Oasuc AudpepenuuanoB nepBoro poxa, MpuHajwiexKallux y paBHeHHtio 


| eH es 


Wz = — B(z)wz. (4) 


: 993, 
A099 
| 
' 


OrmeTHM, 4TO 6a3HC KBa3sHaHaJHTHYeCKHX AudpPepenWwasoB NpesctTapsser 
co6ol 2g-mMepHoe JeHCTBHTeIbHOe MpOCTpaHCTBO, T. €. HM€e€T OTHOCHTEJIbHO 
JI@HCTBHTeJIbHBIX KOIPDUMMEHTOB 2g JIMHEHHO He3ABHCHMbIX KOMIOHEHT HW He 
IIPHBOMHTCH K £-MepHOMY KOMIIJIeKCHOMY IIpocTpaHCTBy, Tak KaK Judpe- 
peHiHasl, pwHajwiexkaluh ypaBHeHHio (4), YMHO2KeHHbIH Ha KOMMJIeKCHOe 
yHCNO, He OyfeT IpHHafiexkaTb STOMY YpaBHeHHW. 

PaccmMoTpHM Tenepb HuTerpad 


H =\j (2) dw +f (@) dw. 
J 


CoxpaHaad oGO3Ha4eHHA NepHosoB mpefbiqyuiero Naparpada Aas Auippe- 
peHivasios dj(z) u dw, nomyaHM 


& ’ 
H = — 2Re yy AyB,. (5) 


v=1 


TlompiterpambHoe BbipaxkeHne uHTerpalia H saBsiaeTCA NOJHbIM Aud«pe- 
peHUMaJIOM, MOITOMY MO2KHO BBIYHCIMTb ero BblueTbI (cM. (*), cTp. 30) 


(6) 


OF ae oy 


Pi ee du du ( 
H = —\wdj + wdf =4n >) on, (Pp) B sea | 
J p=1 
Teopema 1. Hua moeo 4umodol Ha samKHymou pumaHosoll noeepxnKo- 


cmu R cytuyecmeoeana oOOHOBHaLHaA Kea3zuaHaAumUYecKaA GynKyuA yYpaésHe- 
Hua (3) C noawcamu nepeo2eo nopsxOKa 6 mouKax De (b= 4525 


COOMBEINCMBEHHO C 2NABHOIMU YaCMAMU Ob Lx, + ine (om ee n), He- 
o6x00uUMO U OOoCMamo4HO ebINOAHeHUe HepaeeHcmea 


é du(p,) . au(p,) 5 
> eae Mees = 0, (7 


2de dw = 


a) 1) 0 (u LU é 2 
ead ) dx ( ee ) dy NPOUSCOAbHHLLL KeABsUaNHAaAUMUYeCKUU 


Ox 


Ougbdepenyuan nepeoeo poda, npunadsercaumutt ypaenenuto (4) Ha noeepxHo- 


cmu R 


tbopmya (5) u (6). 

JloctatounocrTp. L[lyctb dj (z)— komnmekcHo HOpMHpOBaHHbIM KBa3H- 
qaHaJIMTHYeCKHH AudpepeHuvasd BTOporoO pola, MpHHafwexKalluh ypaBHeHHIo 
(3). C MOJOCaMH B TOUKAX Pp, (uU=1,2,..., 2) H C TrwaBHBIMH 4YacTAMH, 
COOTBETCTBEHHO PaBHBIMH %,dZ,, —- iBydZ;,, JlonyctuM, uTo yenosue (7) BBI- 
mojineHo. Torga u3 conoctapsienua dopmys (5) u (6) nonyyaem 


Re SI A,B, Sess O. (8) 


v=1 


Ycuopue (8) BepHo Aq mo6oro KBa3HaHaMTHYecKOrO AUudpepeHnuasa | 


NepBoro pofla, UpMvaexalero ypaBHeHHio (4), 3HauHT, OHO MMeeT MeCTO 
MW [it OasHcHbIX Aupdepenunatos du, (k= 1, 2,..., 2g), npnHantnexawnx 
TOMY %K€ ypaBHeHHI0, T. e. 


& 
Re S| Byun ereeel ae 20 
v=1 
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MokxasatenapcetBpo. HeoOxoMUMOCTh caepfyer u3 COMmocTaBeHHA 


rue Ap, —nepvox guddepenutanos dw, oTHOcHTebHO nytTeH K3,,. Ecau 
By by iy, Aw =a + iap, 


TO MOCNeMHAA CHCTeMa MOXKeT ObITb 3allHcaHa B Buse 


g 
S [ow by OP ak = 0 (kal; 2, say 22) (9) 


v=1 


Onpejesutemb cuctembl (9) MoxKeT OTIMUATbCA JIMIb 3HAKOM OT oMpese- 
JIMTeJIA CHCTEMBI 


2g 
en 
v= 


(10) 


tis} 
— 


2g 
Gere Sark (War ey PA 
v=1 


rye C,— evCTBUTeJIbHbIe KOMPPHUHEHTHI, ONpeesssloulHe HeKOTOPHIH Audde- 
peHuvas 


2g 
dw = » cydw, (11) 


v=1 


C MepHoyamu aj) + ia?) oTHocuTenbHoO nyTeli K,, ,. Ho onpegenutenb cu- 


-cTemb! (10) oTMueH OT HYJIA B CHJY eHHCTBeEHHOCTH ompefeseHuA Audbe- 
penumasa dw MpOW3BOJIbHO 3ajlaHHbIMH NepHojamu a) + ia). Cneqopatesb- 


‘HO, OllpeflesIMTeb CucTeMbI (9) OTMMUeH OT HyJIA, H TOsTOMY CHCTeMa MMeeT 
JIMUib TpHBHaJbHoe pelieHne B,=Q. 3xHaunt, dyHKuun f(z) ofHOsHadHa 
Ha R. 

' 3. IpupenenHoe B n°! yrBepxxyeHHe oO cylleCTBOBaHHH Ha MOBepXxXHO- 
ctu R palvoHanbHOH aHasMTHYeCKOM (yHKIUHH C NosMOCcaMH HepBoro Nopsy- 
Ka MOXKeT ObITbh OOOCOMIeEHO H AIA CyUaH MOMIOCOB BbICIIMX MOpAKOB. 
Een pyukuusa f(z) umeeT B TOUKAaX p, (w= 1, 2,..., m) Momocbl nopag- 


Ka My, C TAaBHBIMH YaCTAMH 


(u) (:) 

a a (u) 
oh my—1 ; ay 

q a iis | ae 


TO BMecTO ycjjopusn (1) Oyfem uMeTb 


n on a" 1 alt) " 
f 2 L (mm, Say vas OU a Se roe 9 (p,) + abe (p,) | = 0. (12) 


p=1 


7 


‘OTO HeTpy2HO IIpoBepuTb BHIYHCeHHeM BbIUeTOB BbIpamKenua | (z)dw. Cue- 
AyeT OTMeTHTb, 4TO BeNMUNHD! al), any fey at) 3aBHCAT OMpesesIeHHbIM 
v p 


‘00pa30M OT BbICOpa NOKaNbHOTO MapaMeTpa, OHaKO KawKad KBapaTHan 
‘ckoOKa B cooTHomeHHH (12) HHBapHaHTHa OTHOCHTeJIbHO BbIOOpa MOKAaJIb- 
HOrO TlapametTpa. 

AnanormuHoe o6obieHHe HMeeT MeCTO H JIA KBasHaHaMHTHUeCKHX PyHK- 
MMi, a MMCHHO MMeeT MeCTO CJlefyrolan Teopema: 
| Teopema 2. J[za mozo umo6ol Ha 3amMKHYyMOU puMaHOBOL nosepxHo- 


anu R CYULECMBOBANA PQAUUOHANbBHAA K6A3UAHAAUMULECKAA PYHKUUA Y paéeHe- 
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| 


Hua (3) C nostocamu 6 mo4uKax p, (W = 1, 2,..., ) nopsdka m, ue NUX 
€ 2NAbHOLMU 4“aCMAMU 


m 
p. 


>} LolPZ (2, 2.) + BM Zi (2, 2,)], 
p p 


j= 


He€OOXOOUMO U OOCMAMOLHO BbINOAHEHHE paébeHcmea 


r 


n , 72 
(> af) ate (a) 


N) 


a 


pf) ei-ly (Py) \ 
a . 5 a ’ ies) 
ae G=1)) Gh ' G—41)! Oxi 4 i g ue 


Weil 


20e dw = du — idv — npouseoronolli KeasuaHanumuuecKkull Ougdqepenyuaa nep- 
8020 poda, npunadsercawutt ypaeHenuto (4) Ha noeepxHocmu R. 
iia oKasaTebcTBa TeopeMbI 2 CyleqyeT TOTpeOOBaTb B OKpeCTHOCTH 
TOUeK Pp, CYMECTBOBAHMe MPOWMSBOMHBIX tbyHkuni B(z) (cM. ypaBHeHne (3)) 
(m, — 1)-ro nopsaKa. | 
4. Teopempt 1 uw 2 uMelwT MeCTO JIA pelieHHi Oonee oOmen SununrHdea| 
CKOH CucTeMbl WuppepeHWNaJbHbIX YpaBHeHHH, a HMeHHO 


Vy = AU, + Duy, 
Uy == Clly = Oly, 


KOTOPaH B KOMIIWJI€EKCHOM BHJI€ MOKET ObITb 3amHcaHa CJIE NY tOULHM o6pa3o0M: 


w> = A, (z)w,+ B,(z)a;, (14) 
rye 

p(pi—1) ie 
(ppr + 1) (Pp + pr) ‘ 


Sani Pr (p* — 1) 220 au! 
aC TENOR sr 6 
p, 9; py, 9, — XapakTepHcTHKH KBa3HKOHOpMHOrO oTOOpaxeHHA w= F (2) 
(cm. (?)). Oro cnehyeT u3 CoefyioulMxX cooOpaxeHnnii. Ecnu Ha pyMaHOBoli 
noBepxHocTH R gafaHo pellleHue uddepenHivanbHoro ypaBHeHHs (14), To 
BbIOOPOM HOBOTO JIOKaJIbHOrO HapaMeTpa € = @(z), KOTOpbIli B Ka2KJOM Ma- 
paMeTpHyecKOM Kpyre |z|< 1 yfoBseTBOpseT ypaBHeHHIO 


Sane Py leat 
gy; =Alz)g, A= alas 


HPOW3BOUTCH Tepexoy, K d@yHkuHH w=] (€), koTropan sBsaeTCA pelleHHeM 
yYpaBHeHHs (3) OTHOCHTebHO JOKasIbHOrO MapaMetpa € Ha moBepxHocTu Rj, 
MNOJYYeHHOH U3 R U3Me€HEHHeM JIOKAaJIbHbIX MapaMerTpos. 


Tlepmcxuit rocyfapcrBenHblit Tocrymu0 
mefarornueckHt HHCTUTyT 19 XII 1960 


UMTMPOBAHHAH JIATEPATYPA 


‘P. Hepauauuua, Yuuchopmasauua, WJ, 1955. 2 B. Tr. Muxaampeuyk,| 
Yu, 3an. Tlepmcx. yuus., 16, B. 3, 27 (1958). | 
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Woxrnagnm Axkagemun nayx CCCP 
1961. Tom 138, Ni 2 


MATEMATHKA 


b. Tl. MAHEAX 


OB ObUIHMX CHCTEMAX AH®®EPEHILMAJIbHbIX YPABHEHHU 
C MOCTOAHHbBIMH KOI®®HWHEHTAMU 


(ITpedcmasaeno axademuxom A. H. Koamoeoposeim 17 XII 1960) 


B pa6ore Xépmanyepa (") B uucne mpounx Obl MOyYeH HECKOMbKO HEOKH- 
JaHHbI Pe3yJIbTaT, COCTOAMLMM B TOM, 4TO Ja mMoOoro AudbepeHuHambHOrO 
onepaTopa C MOCTOAHHBIMH KoOsppUUMeHTAaMH B IpOH3BObHOH oOOmacTu Q mpo- 
cTpaHctTBa RY cyjecTByeT KOppeKTHO MocTaBseHHad Ppanwunasa 3agaua (Koppek- 
‘THOCTb 3fecb MoHuMaetcaA B cmbICIe M. MH. Buia, cm (*)). SHauvenue 93TOH, 
Ho cylecTBy, YMCTOM TeopeMbl CYINeCTBOBAaHHA He CleqyeT, OfHaKO, Mepeote- 
HUBAaTb, TaK Kak lake B MpOCTelMX CJlyuaAX OHA He MO3BONAeT YKa3aTb 
TPaHWUHble YCJIOBHA, peasIH3yIOUlWe KOppeKTHYIO 3amauy. 

IIpu mepexoge K cucTemam 2uddbepeHiMabHbIX ypaBHeHH C NOCTOAHHBIMM 
‘Ko2bullveHTamu Teopema Xépmansepa oKasbiBaerca HeBepHOM, Ha ¥TO BILepBble 
oOpatum BHuMaHHe A. A. Jesun (*). Mm Spita moctpoeHa cucTema ypaBHeHHit, 
(WIA KOTOpO OGecteyMBanacbh KOppeKTHas pa3pelllMMocTb B MpoctpauctTBe W3, 
HO He CYUIeCTBOBaJIO pa3speliMMoro paciiupeHua B Le. 

B HacToslled 3aMeTKe IIpHBOAATCA HeEOOXOAMMble HW JOCTaTOUHBIe yCOBHA 
a Toro, YTOOLI OMepaTop-cHcTema a Obl MOfUMHeH OMepaTopy b. Dtu ycnoBua 
OMNHCbIBaIOTCA C MOMOMIbIO JeETEPMHHAHTOB HEKOTOPHIX MATPHIL H B Cuy4ae, KOr- 
‘Wa a — eMHHUHEIM onepaTop, WawT KpPHTepHii CyeCTBOBAHHA KOppeKTHOH 
3afauH fia omepatopa b. Jloka3aTembcTBO KPHTepHA MpOBOANTCHA C MOMOIIbIO 
HOBOTO MeTOJa, OTIMUHOFO OT UCMOb3yeMoro OOBIGHO B MOMOOHEIX Cy4aax Me- 
‘Toa uHTerpanos aHeprun. [lpn sTom B KayecTBe YacTHOrO cAyuad MOKeT OBITS 
BBIBeEJ\eHa YKa3aHHas Bbillie TeopemMa XépmaHjepa. 


Mp 6yyeM Omb30BaTECA CeLyrouluMH OG6o3HadeHuaAMU: R” — jelicrBu- 


“TejIbHOe V-MepHOe IIPOCTpaHCTBO He3aBHCHMBbIX IlePCMeHHbIX x = (x',..., X); 
Ry — RelictautesmbHoe [pOcTpaHcTBo SsemMeHTOB, — = (&),..., &y)3 P(E)= 
>) aE,, THe &=(d4,..., &,)—MOcMeMoBaTeIbHOCTb HHeKCOB MexyAy | 


‘MoV, —TpOW3BOJIbHbIM TMOMHHOM C KOMIMJICKCHBIMH (MOCTOAHHbIMH) Koappu- 
>. 1 @ 
fueutamu a*; = P(D), Di = a nt 
x 
UM udbepenivasbHblli onepaTop, AelcTBylomluH Ha (pyHKIMAX, ompeyenen- 
UBBIX Ha R’; ecnu G—o6nactb B R”, To Cy (G)—coBokyMHOCTb KOMMeKCHO- 
| BHAUHBIX OecKOHeEYHO AuepeHuUpyeMbix BeKTOP-PyHKUMH u(x) = (U; (x), 
*..., Un(x)), OOpattiaiomuxca B HYJb BHE KOMNAKTHBIX TOJMHOxecTB G; 


1H (G) — 3ampikanue Co (G)B oOpmHol HOpMe 


| le HI=(3 flee "= (Sle Lal)" (1) 


J/—NG J=1 


Da = Da,.+- Duy, — Onpeqensemprit 


ot — poctpaHcTsBo, ABolictBeHHoe K H(G) B cMbicJle MpeoOpaso0BaHua Pypse, 
T. e. u(&)G@H Torfa u TOKO Tora, Kora 

‘ ig | 

7 PEN as u(x)e* dx, u(x) €H(G); 

k G 

‘a=|a,| u b=|6;|—xBagpaTHple MaTpMIbI COOTBeTCTBYIONIAX MOPAAKOB. 
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} 


Hycth a=|a;(D)|, i, j=—1,..., n,— dubdepenunanbupiit onepatop-| 
cHcTeMa, B KOTOpOM 4a;;(&)—TpOH3BObHbIe TOJMHOMBI. OOosHayHM Yepes} 
A=|Ai(D)|, i, j=1,..., n, Oomepatop, sulemMeHTamMH KkoTOporo caly2Kar| 
alreOpawueckue jOMOHeHMA 9uIeMeHTOB onepatopa a. Ilycrh A=|6,;A], 
rye A = det|a,;|, 6; cumpon Kponexepa. Torya 

GA = K. (2) 

Ilycts G—orpannyenHaa o6sactb BR’. 


Onpexzeseune. Byyem ropoputb, uro onepatop 6 noxquunen one-| 
paTopy @ HM 3alllcbiIBaTb STO Kak D<a, eCJIM C HEKOTOPOH KOHCTaHTOW Y 


Jou, H|<ylau, HI, uECo (G). (3), 

Mest yayum onvcanue Bcex onepatopop b=||b,;;(H)|, Kotoppie mosyHHeHbl 
onepatopy a. Jlna dopMymHpoBKH pe3ysbTaTa BBefeM, cleqya XépmManjepy,| 
; rie P —npoxu3BoJbHbIii NOJMHOM. Jlanee, | 


dynxumo P(g) = (S| P&P)", 
JIA 3a] aHHBbIX onepaTopor au 6 ompefenum n? onepatopos S;;(QD), nosny-) 
waloIlHXcAh HW3 Q@ g3aMeHOH ero i-H cTpoKH Ha j-10 ctpoxy 0. Ilycts) 
Ai; (D) = det | Sij|. | 

Teopema 1. Jaa mozo umobol onepamop b 6ola noduuKex onepamopy a, 


HeoOxOOUMO U Oocmnamc4Ho, “mobo npu Kascdom 3Ha4enuu i, j=1,..., n 
| Aq (5) l<c (4) 
Aan ) 


OANA Cex OelicmelimenoHolx —, ede C — KoNCmanma. 
Heo6xogumocrp. Ilycth b<a. Torga up Bcex u€Co(G) bu, H\|< 
<ylau, H|. Mockompxy npu mo6om v€Cy(G) AvECy(G), mel umeem BI 


cuny (2) 
|b-40, H [<y [Ao, HI. (5) 
Hepapeuctso (5) BBINOJHSeTCA, B YAaCTHOCTH, JyId BeKTOpa v/ = (0,.. | 
., 0j,... 0), Te vj —MpOH3SBONbHAA TNakkad (QyHKWMA, paBHas 


HyJIO BH KOMIaKTHOTO MOsMHOxecTBa G. B 3TOM ciyyae, Kak JIerKO Mpo- 
BepuTb, (5) IpHHHMaeT BUT 


S [Anon Lal] <1] Avy Lol. (5) | 


k=1 
Orcioyja mp KaxklomM duKkcupopaHHom k, | Gk<n, 
|Ajeo;, Le] < | Av;, Leh. | 
B cHJy MpOW3BOJIbHOCTH U; WOKa3aHO, uTo omepatop Aj<A, R=1,..., 2, 
a TaK Kak j MOXKHO BblOpaTb mo6oe, TO Aj<A pu Bcex 3HayeHHAX | 
vHflekcos. Hepapenctso (4) ceqyeT Tenepb u3 Teopembl 2.2 padoTpl (1). 
IIpu oKkasatempeTBe focraTtouHocTH ycmopua (4) ucnomb3syeTca caepyi0- 
jad OCHOBHaA JIeEMMAa: 
Jlemma. IIycmo P(&) = P(E,,..., &)—npouseonbneii noaunom. Toeda | 
cywujecmeyem mxoscecmeo MC Ry, oOnadatoujee creOytoujumu ceolicmeamu: | 


n 
1°, “=U Ai, n<oco, npuswem Onan Kascdoeo uz mHoowecme Mp cyiue- 
1 


> 


_> 
cmeyem makoe Hanpabrenue N,, “moO eCAKU BeKMOP Y, NAPAANeAbHOL YM, | 
nepecexaem M, no KoNeuHOomYy 4UCAY OMmpesKoe Cc obwweli OAUHOLi, He npesocxo- 

a 


Osuye Hexomopoeo uucaa l,. (Hucao ly sagucum auub om HanpaescHuA nH, | 


u moncemn Oblinb BolOpaHoO KaK Y200HO MAAbLM.) 
2°, Ecau M= Ry\M, mo daa ecex EEM 


LS Geet 
Bey oa! 2o>v. 
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Oe: Cytyecmeyem makan nocmosnnaa y<1, umo npu ecex u(E)EH 
\la@pas<y | a@pat motty (6) 


Ry 
: OrmeTuM, 4TO [WIA BOKA3aTeNbCTBa JIEMMbI JOCTaTOUHO MOCTPOUTb MHOxKe- 
TBO SM, yAopsierBopsiollee ycnopuam 1° nu 2°. Torga, Kak 93TO culemyeT ug 
pesyJbTaTOB paOotn (7), M Oyner euoMaTHeerky YROBLCTRO Pate VCJOBHIO 3°, 


eca MlO3aO0THTbCA O TOM, UTOGb! cymma L = > df Oblia yloctaTounHo Maula, 


SaMeTHM Tellepb, 4YTO HepaBeHCcTBO (3) Sere HelIpepbIBHOCTb onepa- 
mopa T: Tau = bu, w€C) (G), a noromy jus foKasaTembcTBa STOrO Hepa- 
BeHCTBa, ‘corjacHo Teopeme Banaxa, jocraTrouHO OKa3aTb, TO HB 
‘au, H\|—>0 caenyer Jou, H\|—0, kR->oo, u€Cy(G). 

Bm & k 


Mrax, nyctb ycnospua (4) Bpimonnenpt. Ilyctb Takxe 


\ 
y 


Rk 


IIpumenasd K nNepBpomMy H3 ypaBHeHHii (7) onepatop .4, a K pesyabTaty — 
onepatop 6 uw Osb3yacb MepecTaHOBoyHOcTHIO onepaTopos A Hu Ob, Haxo- 
JIMM, 4TO 


bu = g we Co (G): (7) 


~ 


: ie 
J k 
i | ee (8) 


h 

rie onepatop #8 =| A;;(D)| HJIM, B MpeoOpasopaHuax Dypse, 

i Q° / 
‘ A(8) 8 (8) = B(E)I (8), Ka Th 2 Meee (9°) 
i: Bpmniiem i-10 CTpoKy te (9’). Ona uMeeT BH 

* ‘ s 

. A (&) £,(8) = Daf k=1 Qe. (9) 


Pa3nenum o6e uactu (9”) Ha ‘E). Torfa u3 (8) B cuny ycnosua (4) # 
pasenctsa IJapcepana cnegyer, 4To ; 


(Eyes 

z ~ ; ? dH |>% k-> 4 

f [re BO | * 

_ Vinpmn copay, 

it. | A (&) | de => 0, suk ec. 10 
| Mire |e £) Pd > 0, (10) 


' Tlocrpoum Ttenepb Ama momuHoma A(§) cooTsercTByiollee MHOxKeCTBO £, 
WopneTBopsioulee ycnopuyam 1°—3° sleMMbI, H WyCTb MO-npexkHemy 
= R,\ A. Torna ana EEM 


| EVEN Rope | 
OTKYa HaxXOJMM 

) | G d g.(E) dé. 
| reef rd > eee OPBSC \ Ig Pat 


i Zi 
H 


Ycnopue (6), Kak JIerKO BUZeTb, BeYeT 3a COOOM HepabeHCTBO 
Ve@rasa—n ig@ra, 1< 
Ry 
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a i 
u u3 (10), TakuM OOpa3zoM, CiefyeT, 4TO |g,(&), #|—+0, Roo. Mockonpy 
k me | 
Ky 9TO BepHo pH moObix i=1,..., mM, MoKa3saHo, TO eCIIM lau, H|0, q 
k 
to bu, H\\>0, k—oo. Toxasatenperso Teopempt | 3aBepmexo. | 
k 


Cnenctspue. MMycmb a=| a;;(D)||— npouseoronortt Ouqepenyuaaonon 
onepamop Cc nocmoAKHelmu Koadpuyuenmamu, a hij (D)— coomeemcmeyrousuc 
2naeHble MUHOpel mampuyo a. Jaa moeo 4mobol y Onepamopa a Oolaa xoms 
Obl OOHa KOppeKmuan 3ada4ya, NeobOxodUMO u Oocmamo4HO, uMOObL NpU BCex 
OelicmeumenbHolx & 

| Azz (§) | 


A (&) | 

Ilyctb a* oOosHayaeT (bopMasbHO CONpPAxKeHHBIM K @ onepatop. Torga 
(cm. (+), Teopema 1.2), Quid CyIlecTBOBaHHA KOPPeKTHBIX 3afayd y oNepaTop4 
a HeOOXOMMO HM ocTaTOUHO, aTOObI mp Bcex uECo (G) 
Jou, H|>chu, HI, lau, H|>c'|u, AI. 

Onepatop 6, durypupyroummi B teopeme |, B 93TOM Cily¥ae eCTb MpocTe 
TOKIeCTBEHHBIA Onepatop FE, a onepatoppr A;;(®), oveBHaHO, coBiayaloy 
c Az;(D), W ocTaeTca 3aMeTHTb, 4TO, CorjacHo TeopemMe 1, OO6a HepaBeHCTBé 
BHINOJHAIOTCA HJIM HE BBINOJHAIOTCH OMHOBPeMeHHO. 
SameuaHue 1. Mero foKa3aTelbcTBa JOCTaTOUHOCTH yCJIOBHA (4) 
6e3 BCAKHX H3MCHEHHH (3a HCKJIOYeHHeEM Criellupu4uecKH MaTPHUHBIX etal 
jie) MepeHocuTca Ha cayyal AByx udpepeHuvabHEIX TNOMMHOMOB a uD 
B caMoM lene, Mbl XOTHM JOKa3aTb, UTO (cM. (*)), ecaH 


| 5 (&) | ee 1 
at <C, 4 
a(t) \ 


To |au, Lo] >plbu, Lo], uECo(G), w=const>0. Byzem AOKasbIBaTB| 
YTO eCJIM 


<< Cy) ea Rats, 1: (12) 


Gil =f Dile eI eCi(G) (13 
u |f, Le|—+90, to |g, L.] +0, noo. H3 (13) Buguo, ato ag = Bf, HM 


B mpeodpasopaHuaAx Dypse, 


m—> oo, cilelyeT, ITO 


Soy ER) He|| +0, 


HW, NPHMeHsaAA JIEMMY, Mbl HaXOXUM, 4TO 
(g(&), Hil =lg, Le|—0. 
fh n 


3Sameuanu ve 2. Oco6oe BHUMaHMe MBI XOTHM OOpaTHTb Ha TOT *akT, UT 
B calyuae CHcTem JudepenHuHabHLIX ypaBHeHHH MOHATHA CUAL UH NOD 
4HHCHHOCTH JByX onepaTopoB He coBMafaioT. Tounee, ecuu b < 
TO a cuyIbHee 6. O6patHoe xe HeBepHo. B camom flee, WIA 21060r0 onep 
TOopa @ TO*KTecTBeHHHIM oOnepatop E ca6ee a. HO, KaK MOKa3bIBaeT CeACTB 
Teopembi |j) Hes sic erm ae eeeea: 

Bpipaxkato riryOokylo mpH3HaTembHocTh mpod. T. E. Wuaosy 3a Heu3m 
Hoe BHHMAaHHe. * 


Mockosckuit rocyfapcTBeHHBIi yHuBepcuter Tlocrynuso 
um. M. B. JlIomonocosa 16 XII 1960 

: p UMTHPOBAHHAS JIATEPATYPA 
JI. X€pmManynep, K reopun o6mmx qupbepenunanbuLIx OnepaTopos B YaCTHIX mp 
uSBOMHBIX, M., 1959. > B. T. anes x, LAH, 138, No 1 (1961). * A. A. Ze3un, YME 
14, 8.5 (1959). *M.U. Bumux, Tp. Mock. matem. o6ut., 1, 187 (1952). 
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AHoxaagmn Akaygemun nayxr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


B. A. TIJIHCC 


O ABJIEHAH KOHBEPrEHLUHMH B NEPHOAMUECKHX 
HEJIMHEMHbIX CHCTEMAX 


(IT pedcmaeaeno axademuxom B. H. Cmupuoseim 22 XII 1960) 


PaccmoTpuM cuctemy fudiepeHtimabubix ypaBnennii 


dx 


—7 = 1%, t), (1) 


\\, 


memivea=ix),...,x%)) wn f (x,t) = {f© (x,t),..., f@ @,t)} = n-mepnpie 
eKTOPbI. OrnocuTembHo /f (x,t) mpeymonaraetca, 4TO OHA HelpepbiBna, 
YROBETBOPHeT YCNOBHIO eMHCTBeHHOCTH pellleHuw cucTempt (1) mpH Bcex 
¢, ¢ M MMeeT MepHox @ no ¢ upu Beex x: f(x,t+ oo) =f (x,?). 
n 
Iyer & = {§,..., 6} — n-mepuptii BexTop; nonomKum || § || = 5) | 6 |. 
i=1 
JOosHauum yepes x(t, Xo, fo) peliieHHe cucTembI (1) C HavaMbHBIMH JaHHBIMH 
Bs Xo- 
_ Bygem ropoputp, uro cuctema (1) o6nafaeT cBolicTBOM KOHBepreHilHH, 
SC JIM: 
I. Bee pemenusa x(t, Xo, fo) MpOMOJKUMbI Ha BCe MOMeHTHI BpeMeHH ¢ > fo. 
II. Cucrema (1) uMeer equHCTBeHHOe W-MepHomNyeckoe pelleHue x = Q(t). 
Il]. Sto pewienue ycTolunpo B cmpicue JIanyHosa. 
IV. [Ina mo6oro pemenua x(t, xo, to) BbINOJHAeTCH COOTHOLIeHHE 


- 


lim || * (¢, xo, to) —@(¢) || = 0. (2) 
t+-too : 


_ IJpegnonoxum, uTo Bce pemienua x(t, Xo, fo) MpOOMKUMBI pH t Sfp. 
locTaBHM B COOTBeETCTBHe TOUKe X) TOUKY X(W, Xo, 0). Tem CaMbIM MBI 
lOomyYHM TOMeoMopdHoe mpecOpasopanue T mpoctpanctpa E, B ceOs. 
Jlanee ycTaHaBJMBaloTCA YyCNOBHA, HeOOXOJMMbIe HW MOCTaTOUHbIe AIA 
iauuuHA KOHBepreHuuu. YcnoBUA 9TH HakJlalblBaloTCA Ha MpeoOpasoBpaHue 
WM He OTHOCATCH K NoBefeHuiIo pelleHui upH O<t<@. OrumM OHM Cy- 
JecTBeHHO O606mlaloT ycIOBuA, CPopMyJMpoBaHHble B padorTe ('). 
_ Teopema. J[1a mozo umo6e: cucmema (1) o62adana cericmeom KoNéep- 
eHyuu, HeOOxXOOUMO Uu OoCMAMOUHO BbINOAHeNUe CACOYHOLWUX YCACBUL: 
I. Bee pewenun x(t, Xo, to) npodoasxumol npu t >to. 
II. Cywecmeyem samkxnymoe, ozpakuuennoe mxooscecmeo FC En, nepexo- 
Aiuee npu npeoOpaszoeanuu T 6 ceo. 
Ill. Cywecmeyem nenpepoienaa gynKkyun v(x, y) mouek x U Y Npo- 
mpaucmea En co caedytouumu ceoticmeamu: 1) v(x, y)>0 u v(x, y)=0 
20a u moabKo mozda, Kozda x = y; 2) npu ecakom x€F u(x, y)> 0%; 
pu \y\|—>oo; 3) o(T (x), T(y))<o(%, y), u ecauv (T(x), TY) = 
=U(x, y), mox=y. 
-HametTuM JOKa3aTeJIbcTBO. 
' 304 
| 


Tocrarounocrb. Jlokaxkem, uTo npeoOpa3sopaHne T uMeeT HenOJBUX- 


HyI0 TouKy. PaccmoTpHM MHoxecTBO Q = lI T™(F). Herpynauo Buzeth,) 

m=0 
uro Q 3amKuyTo u T (Q) = @. Tloxaxem, uro Q npencrapsseT coOol TouKy 
mpoctpanctsa E,. [lpeqnonoxKuM, HanpoTuB, ¥TO 9TO He Tak, Tora 


a= sup u(x, ¥)>0. (3)| 


V3 samkuytTocTu Q BbITeKaeT, YTO CYLIeCTBYIOT x€Q u yEQ TaKue, uTO} 
v(x, y) =a. Vs papexncrsa T (2) = @ caenyet, uto T~ 1(x)€Q u T(y) ce 
B cusy cBolicTBa (3) dyHKuHA v(x, y) Tora 3akOUaeM, YTO 


v(T +(x), T*(y)) > a(x, y) =o (4) 


QTO TpoTHBOpeywHT cooTHoMeHuIO (3). CmegqoBaTenbHO, MHOxKecTBO © npes- 
cTaBsiseT coOoH Touky EGE,. OueBuguo, T (€) = &. 

®ynkunua x(t,&,0) aBaaeTcA W-lepHomMyecKHM pellieHvemM cucTempbl (1). 
MlokaxkeM, UTO OHO -eMMHcTBeHHO. JlelicTBuTeNbHO, eCH Obl CYMLeCTBOBAaJIO 
OTIHUHOe OT Hero @-NepHomMyeckoe pemieHue x(f,n,0)z 47, TO MbI HMeJH 
Opi v (E, n) > u(T (&), T(n)) =2(&,n). Tlomysenuoe mporupopeawe oKa3bi-} 
BaeT CJIMHCTBeHHOCTb pelwenua x(t, &, 0 | 

Ilokaxem, uTo pewenue x(t,&,0) ycrotunso no JlanyHosy. Bo3pbmem 
é >9. [lo sTomy € B cCHsIy TeopeMbI 06 HHTerpasbHOH HeMpepbIBHOCTH Halt- 
metTca Taxoe 6,>>0, uTo ecan ||§& —y|| << 44, To 


I| x(t, y,0)—x(¢,§,0)|[>e mpu 0<t<o. (5) 


Tlono»KuM inf v(&,y)=J. To HempeppipHoctu v Haligetca Takoe 6 > 0, 
8,<lz-ul|<e 

uto mpu ||E—y||<6 v(E,y)<l. Bo3sbmem Tenepb y Tax, uTo |/—E —y|| <6 

JlokaxkeM, UTO pH Bcex 1 >0 oKaxKeTcA 


IB —T"(y) |< 5. (6) 


Jlokaxem Hepapeuctso (6) mpH n= 1. Ecam (6) npa n=1 He Bemon 
HeHo, To ||§ —T (y)||€[6,,¢], uTo BEIrekaet u3 (5). Ho torga u (&, T (y)) Sl. 
B cuay 2%e cBolictpa 3) myHkuuH v uMmeem v(E,T(y))<u(E,y)<l 
IIpotupopeune u qoKkagpipaer (6) upn n=1. IIpx n>1 Hepapenctso (6 
ycTaHaBJIMBaeTcA MHAyKTHBHO. M3 coorTHomenui (5) u (6) u “3 NepHoguy4 
nocTu | (x,t) cmeqyer, uTo pemenve x(t, &,0) ycrotunso no JlanyHoBy. 

JloKaxKeM, YTO HpH JUOOBIX Xy, fy BbINOMHAeTCA 


lint: WO(Ea Xe, toa ee oe) i 
t—-+00 


| 


a 


Tak Bee pemweHua x(t, X),f)) MpoqomKuMb! pu tf >fy, TO AA MoKasa 
TebcTBa (7) MOcTaTOUHO yCTaHOBHTb COOTHOLIeHHe 


lim T (x,) = €. (8) 
k->0o 


ss | 
M3 cBolictBa 2) @yHKWMH UV BbITeKaeT, UTO MHOKecTBO G {uv (E&, x) Gv (E, Xo)} 

co 
orpanHuyeno. OO6o3sHayHM uepe3s S MHOKECTBO il T™(G). Tak xe Kak Ip 
m=0 i 
NHOKA3aTebCTBe CYLIECTBOBAHHA HeMOABHXKHOH TOUKH §, yCTaHOBHM, TO 
MpeyctaBineT coOoH HeNOLBYXKHyIO TouKy peocdpasoBaHua T. M3 equuct 
BeHHOCTH € culegyeT, uToO S=£&. Scuo, uro Bce MpefebHble TOYKM Tloc eso} 
BaTejibHoctu T* (x,) pacnouoxkeubt BS. Orcioga u cnenyer (8). Jlocratounocte 
yYCIOBHH TeOopeMbl ycTaHoBweHa. . 
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~ Heo6xogxumocrs. [lonoxum 


R 
p(t, Xo1 Yo: ty) = 2 [x'*) (£, Xp, £5) — x(F) th; Yo CAN EP 
R—" 


O6pa3yem yHKILHI0 
fee] 

. W(x, y,t) = \a (p(t, x, y, t)) dr, (9) 
t 


Tye G(z)— Hekoropaa dyHkuux, ompeyenennan mpu z>>0, nonomuTembHaa 
pu z >0O nu odpamaiomasca B HYJb pu z—0. 

_ Cyezys ugeam Maccepa (7), dyHkumio G MoxHO BbIOpaTh Tak, 4TO 
HHTerpan, CTOAMMU cmpaBa B (9), OyyeT CXOUTbCA paBHOMepHO TIpM BCeXx 
Wx A, jly||<KA, Ot <A, rye A>0—noctosunaa. Takum o6pasom, 
yHKuua w(x, y,t) onpeyenena H HenpepbiBHa mpu Bcex x,y u upu t>0. 
\ Tloxaxem, uto w(x,y,t) o—nepnoquuna no aprymenty ¢. Umeem 

4 : 


oo t 
(x,y,f+w) = \ G(p(t, x, y,¢ + o))dt = \G(e (c+, x,y, ¢ +0)) dr. (10) 
q t+o co 


: 
' 


Hous w-nepnoguunoctu f (x,t) HeTpyqHO BHIBecTH COOTHOMIeHHe 


1 


: p=(t+o,x,y,t+0)=p(t, x,y, t), 


5 
‘4H motomy uz (10) nonyyaem 


w(x,y,t +0) =| G(e(c, x,y, dt =o (x,y, 2). (11) 
t 


) 
“ 


_ Tloxaxem tTenepb, uTo BAOmb pemwleHu cuctembl (1) w(x, y, t) yOpiBaer. 


Vmeem 
\ 


p(t, X (2, Xo, fo), X (2, Yor 0), £) = P(T, Xqs Yor Eo). (12) 
Tlogcrasass (12) B (8) u gudhbepenuupysa no ¢, nonyyaem 


t d 
ap Ox (f, Xo, fo), ¥ (£, Yor to), 2) = — G (P(t, Xos Yor f0)). 


Orciofa Hu M3 cBOlicTBa dbyHKuNH G(z) cmefyeT, 4TO, ecuM X,Y, TO 
Mpu Bcex ¢ OKaKeTcA 


FD (% (E, Hos by) © (ts Yos to), t) <0. (13) 


* Takum 06pa30M, BAOb pelieHuH cucTembl (1) w yOprBaer. 

) @yxKuna G Moxer ObITb BbIOpaHa Tak, 4YTOObI pH 000M xX, yAOBse- 
TBOpAIOMeM ycnoBmio ||x||<B,rge B>O—modan, HO duKkcupoBanHan 
MOCTOAHHaA, OKaxKeTCA 


w(x,y,0)—> co mpx || y||— . (14) 
Tlonomum tTenepb v(x, y)=w(x,y,0). Herpyquo BugeTb, uTo Torga Bce 


'YCOBHA TeOpeMbI OyAyT BBIIOJIHeHbI. 
B KayecTBe pHMepa paccMoTpHM cHucTemy 


v=] 


Sh =D buts + haf (3) + pa(t), o= Dorm: (R=1s-cesn)e (15) 
Z=1 
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OrnocutenmbHO f (6) MpefmosaraetchH, uTO. ona udpepenuupyema pH | 
peex 6 u f’(o) > 0. SynKunu p(t) UpeqnonaraiorcaA HelpepbIBHBIMH TIpH | 
peex ¢ 4 pp(t +) = pp (t). Tpeamonomwxum, uto cuctrema (15) uMeer cae- | 
lytouly!o KaHoHMyecKylo dopmy (°): 


dz é 
ahaa tiVt+a@d, y= &=1,...,0), (16) | 


Z=1 


rye Bce A, HMeCIOT OTPHUAaTebHbIe JeHCTBUTeIbHbIe YaCTH HM Cpe HAX HMe- 
eTCA S BelleCTBCHHBIX H 4/.(m—S) Tap KOMMJIeKCHBIX conpsxKeHHBIX. IIpen- | 
TIOJOMKUM Jaslee, UTO CHCTeMa KBaj[paTHbIX ypaBHeHHH 


n he | 
— 2a 2) ae He = 0 (k=1,...,n) (17) 
i } 


MMeeT S$ BeIILeCTBeEHHBIX H '/,(M— Ss) Map KOMMJIEKCHBIX COMpPAKeHHBIX KOPHeH. 
IIpu BbINOJHeHHH 9THX VCNOBHHM cuctema (15) o6afaeT CBOMCTBOM KOHBeD- 
reHILHH. 


JieHuHrpafckHl rocylapcTBeHHBI yHHBepCHTeT Tloctynus0 
uM. A. A. )KqaHoBa 25 XI 1960 


LWMTHPOBAHHAS JIMNTEPATYPA 
1B. UM. 3y6osn, Becta. JY, Ne 1 (1960), 23. L. Massera, Ann. of Matha 


50, Ne 3 (1949) 3% A.W. Jl y pbe, Hexoroppie Hennueiinble 3afaun TeopHu aBTOMaTHUe- | 
ckoro perysHpopanua, 1951. 
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Woruagn AkanheMmun nayx CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


C. H. MOXO)KAEB 
O KPAEBOM 3AJQAUE [JIA YPABHEHHA AU=U? 


(ITpedcmaeneno axademurom M. A. Jlaepenmoesoim 5 I 1961) 


B HacTosieH 3aMeTKe paccMaTpHBaeTcA KpaeBan 3amaua 
AU =U, Ulp= 9s) (1) 


LIA [BaxKbl HEMpepbIBHO AudpepeHUMpYyeMbIX BelllecTBeHHbIX dyHKuHH U (x, y) 
3 OlpaHwyeHHOH OOnacTH G c rpaHuuel T npu HempepbiBHbIX KpaeBbIX 3Haye- 
IHAX @ (5). 
| Cuauana ycTaHaBIMBaeTCA CYyUIeCTBOBAaHHe HeTPHBHaJIbHOrTO pellleHHA 3a- 
jauu (1) qa cmyuad HYJeBbIX [paHMUHIX 3HAVeHUM. BaTeM MOKa3bIBaeTCA TeO- 
JeMa CYINCCTBOBAHHA JBYX pa3JIMUHbIX pellleHHi KpaeBok 3ajauu (1) np onpe- 
JCJICHHEIX YCJIOBHAX OTHOCHTebHO cbyHKUMH @ (s). Jlanee KpaeBan 3amaua (1) 
ACCIELYeTCA JIA CYYaAd HEMOJOMKUTEMbHBIX 3HAYeHHH cbyHKWHH @(s). B stom 
wy4ae YKa3aHbI HEKOTOPble JOCTATOUHbIe YCJIOBUA CYIeCTBOBAHUA HIM OTCYT- 
BHA pelleHHH KpaeBol 3ayaun (1). 

Ilyets K(P, Q) — byuxuua [puna onepatopa L (U) = AU — qU, rye 
DyHKWHA q (x, y) MMeeT HempepbIBHble NpOv3BOHbIe NepBoro nopsyKa; P uw Q — 
POUKM OONacTH G, HM NycTb ypaBHeHHe 


. y(P) = 2\ K(P, Q) ¥(Q)dQ 
G 
6 aaer TOJIbKO NOJOMKUTEJIbHBIMM COOCTBEHHbIMU 3HAYeCHHAMAH. 
_ Teopema |. Cywecmeyem w makoe, umo unmeeparonoe ypaeHenue 


pV (P) =\ K (P, Q) V2(Q)dQ (2) 
q G 
uMEEIN HEMPUBUANbHOe pewleHue. 
pat OKasdTe I bCTBO. PaccmMoTpuM BCHOMOraTeJIbHYtO BapHallHOHHYt0 
3ayjauy: HalTH HanOosbliee 3HaveHHe CPYHKIUMOHAJA 


; Feastaee-staree-) = 4 (Siren @)] 0 
aa 


} 
Ip yCJIOBHu 
4 a2 = 
(aq eatia, hay os) =D) An 8 ) 


Be ,(Q) u A, — COOTBETCTBEHHO OPTOHOpMUpOBaHHble COOCTBeHHbIe PyHKWMH 
{ coOcTBeHHBIe 3HayeHua spa K (P,Q). V3 teopem M. BaiinOepra (*) o 
BOMCTBaX KBaj[paTHUHbIX MHTerpasbHbIx cbopM B MpoctpanctBax Ly (q < 2) 
Slenyer, uTo d@yHKunMonan F wa muoroodpa3suu H =c” ompenemeH uM orpa- 
‘MueH 10 aOcouoTHOH BemMunnHe. 

| Jina floKasatTespcTBa CyleCTBOBaHHA pellleHHA 9TOH Bapwal\MOHHOM 3a- 
i IIpHMeHuM MeTo, Putua. 


} 
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Makcumusupyloniad noceqoBaTeNbHOCTb SyleMeHTOB X (”) = (xi"), x67), ..., x4") 
HaxOJuTCHd u3 ycnoBua, 4TO dbyHKuHOHan F,, OMpeflemeHHbIH paBeHCTBOM 


Fy, (Xi, Rayer ee) eel Ceo eens Oy yet) 
ylocturaeT B TOUKe X(") cBoero MakKCHMyMa d, TIpH ycJIOBHu 
En (X41; Xgy oo 4 en) SH ae ee On) cere 


Koopyunate! TouKH X\”) y]OBeTBOpAIOT CHCTeMe ypaBHeHHit 


Wadexi”) = ( xn (Q)) 2 (Q) dQ, (3)| 


3 
NpHyeM Pn = 75 dn- 


H3BecTHbIM TIPHeEMOM H3 MOCJICAOBATeJIbHOCTH 9JIEMCHTOB 
Xt) = (Vai, V ax't), Vin tn) 


BbIJeAeTCA Ccado cxo_atiaaca B l, NMOAMOCIEOBATeJIbHOCTb Xn) Takag, | 
YTO JIA mOOorTO i 


VG ee > Vixe) pu k— oo. 


IIpumMensas Teopembl BaltnOepra (7), 43 cucTeMbI (3) MOJy4YHM CHCTeMy ypaB- 
HeHHH 


phe x( = \ (31x: (Q))°9r(Q) 40; 


anemeHT X(% = (x0), x), ..., x(),...) M pelllaer HcCxOfHyiO BapMallMoHHyt0 
sanauy. J[A BeMHUMHbI f MMeeT MECTO HepaBeHCTBO j 


< {V¥2)" Vea 


Tell, SBS EE IK Iheoxoy: 


IIpu nowyueHuv HWKHeH rpaHHUbl AIA p Upemnonaranocn, ito g,(P) >0 
Sto obecneyeHo, ecau g(x,y) >O0 unu ecau |q(x,y)| MocratouHo mana. 
m 


TloceqopatesbHocTb dyHkuHH V»(P) = xo @n(P) paBHoMepHo CXOMUTCA 


1 
B oOnactTH G Kk cbyHKuuH V(P). OyHkuna V(P) He paBHa TomKJeCTBeHHO 
HYJHO H yMOBJeTBOpAeT ypaBHeHHtO (2). 


Sameuauue. Mynkuna U(P)= iV () He paBHa TOKeCCTBEHHO HyJIO 


H yOBeTBOpHeT ypaBHeHHIO 


U (P) =\K (P,Q U?(Q) dQ. 


| 
Teopema 2. Kpaeeaa sadaua (1) npug=O0 umeem Hem pUSt Gt 
pewenue. 
Jloxa3sateabpcetTBo. JlocrarouHo MonOKUTh yHKuuo g (x, y) pasuioit 
HYJIO WH BOCHOJIb3OBaTbCH 3aMedaHHeM K Teopeme l. 


Ilycrs K,(P, Q) —yuxuna Ppuua onepatopa Jlannaca qua oOnacru G, 
O6o3HauHM | 


max \Ko(P, Q)dQ = Ky, @*max| p(s) == 5 
Guid r 
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Teopema 3. Ecau gyxkyua @(s) yOoeremeopaem odnOMY U3 ycaoeull: 
a) 9(s)>0; 6) 4BKi<1, mo xpaeeaa sadaua (1) o6nadaem Oeyma pas- 
AUMHOLMU pewleHuAMu. 

HokasarTedbetTso. CymecrBopanve nepporo pemenust U,(P), Heor- 
‘pullaTebHOrO B Cjy4ae a) H MasOrO B TOM cMbICIe, 4TO 


1—V 1— 4BI 
hy ee 
aaa cmyyad 6) WoKasaHo B padorax (°,*). Monoxum Tenepb U (P) = U,(P) + 
+W(P). Torya dyuxuua W(P) ygopnersopser cnexyiomuM ycsOBHaM: 


AW —2U, W=W?, W\|r=0. (4) 
Bocnomp3syemca Teopemoli 1. BosbmMem B KauectBe (byHKuMH g(x, y) 


q(x, Y) = 2Uy (x, Y). 


B cnyyae a) cbyHKuua q(x, y) HeoTpullaTenbHa, a Becnyyae6) dyHKuNA 
q(x, y) RocTaTouHO Mana MO aOcomOTHOM BeH4UHHe, TaK YTO BCe COOCTBeH- 
‘Hble uvcyia agpa K(P, Q) mosoxuTenbHBI H MepBad coOcTBeHHad cbyHKIMA 
Gi (P) > 0. 

B custy 3ameyaHuaA K Teopeme | cyulecTByeT’ HeTpHBHaIbHad (yHKIHA 
W(P), yosnetBopsiomaa ycnoBusm (4). 
_ Ilepefizem k u3yyeHviIo KpaeBoli 3afaun (1) B cayyae HeEMOMOMKUTeIbHbIX 
‘SHaYeHHH (PyHKUHH @Q(s). 
_ Jlemma. Cywecmeyem nocmosnnana C, makas, umo Kpaesaa 3sadaua Ova 
Kpyea rR 


: RVR (5) 


umeem pewenue, ecau C>C,/R*?, u ne umeem Hu OOHO2O pelleHUA, eCAu 
C<C/R>. ; . 

QTOT dakT cwlefyerT H3 WCCMeOBaHuA CeMelicTBa pelleHHH KpaeBol 
“Sajlaun (5), 3aBHCAWMX ToNbKO oT r. UncneHHOe pellieHHe COOTBeTCTBYIOINero 
“OObIKHOBeHHOrO AudpepeHuuaNbHOrO ypaBHeHuA JaeT JIA BeMUnHBI C,\ npn 
GaKeHHOE 3HayeHHe C, = — 1, A 

' Ws teopempr 2 cmeqyeT, YTO B 3AMKHYTOH OONacTH G cyulecTByeT pelleHue 
V(P) ypasuenun AV =V2, npuuumaiomee ua rpanune I orpunatenbuie 
‘3HayeHHs p(s). 

. Teopema 4. Ecau dynkyun 9(s) makoea, umo 


p(s) <P (8) 9, 


“mo pewenue Kpaegoti 3adauu (1) cywecmeyem. 

- WoKxasatenbcertTsBo. PaccmotpuM cJielyiouluH MeTO] MOCMeLOBaTeJIbHBIX 
“TpvOsmmxennit: 

j AU, = Ui, Clr © (S) (eet Dipen tsb) 2 

3 

‘rye U,(x, y)—rapMonvueckaid dyHKUHA, COOTBeTCTBYIONad TpaHHyHbIM 


3HAYeCHHAM @(s). " 
-  TlokasKeM, 4TO MocneqoBaTembHOcTb cbyHkuHi U;, ecTb MOHOTOHHaA 110- 


“cneqoBatembHocth. JleficrautenbHo, Wiad dyHKunl U, (x,y) au U(x, y) uMeer 
‘MeCTO HepaBeHCTBO 
j | 
“TlocKobKy 
; A(U,—U,) =URS0, U—U,y|r= 
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AvanoruuHo 0 MHYKIAM Tomyyaem HepaBeHcTBa 
Un (x, y) < Urals, y) (R=1, 2,...). | 

TlocnenopatenbHocTb {U,} orpanuuena cHusy. JleicrButTenbuo, ua cpyHK- ! 

uuu U,(x, y) uMeem 
AV—U,)=V?—U>0, V—U,|r=9(s)—9(s) <0; 
CJIEMOBaTeJIbHO, BCIOLyY B OOJacTH G cipaBelHBO HepaBeHCTBO 
V(x, y)<Ui(%, Y). 
HerpyHo TakxKe yOeHTbCA B TOM, 4TO 
V (%, Uy UR 9 ae nie ee 
BpiiucaB HHTerpasibHoe ypaBHeHve JIA NpesenbHoH dbyuKuuH U(x, y) 
UK; Y) = lim Unley): 


nlosyyaem, uTto dyuHKuua U(x, y) pewiaer Kpaepylo 3ayayy (1). 
CaeaetBue. Kpaepan 3agaua (1) umMeer pewienve, eciH 


C 
Fe <9 (5) <0, 


re R—pafuyc Kpyra, cofep»xanmero OOsacTb G, u C,—BenH4nHa, onpe- | 
yleJIeHHaa B JIeMMe. 

Jloxa3satTeabcetTsBo. B cuay aeMMbI Aa Kpyra pafuyca R cywectByer | 
pelueHne KpaeBoH 3aa4uH 


AV Svea = a. 


Sto pemenne V(P) npuHumaeT Ha rpaHune IT oOmactu G 3HavueHua p(s), 
KOTOPbIe B CHJy CyOrapMoHudHocTH pyHKunH V (P) yqOBMeTBOpAIOT HepaBeHCTBY 


p (8) <Fe- 


Teopema 5. Kpaeeasn 3adaua (1) He umecem HU OOHO2O peweHUA, eCAL 


20e Ry — paduyc Kpyea, codepocateeoca @ oOsacmu G, u C,—eeauuuna, | 
onpedenenHHan @ AeMMe. 

Jloka3atespcrTso. IIpeqnonoxum npotupHoe. Torga B o6nactTu G | 
cyllecTByeT pellieHve KpaeBoH 3agaun (1), KoTOpoe Ha rpaHnue IT, Kpyra 


paguyca R, upHuuMaert 3Hauenna p(s) <@(s). Nonoxum max (s)=A u pac- 
YT 


CMOTPHM CJiefyIOWLyIo KpaeBpylo 3ajauy: 
AV VE VAR et AG 

Ilockonbxy p(s) <A<O, To 3aBucaee TONbKO OT fr pelleHve 9TOH 

Kpaesoh 3afauv cyilecTByeT B cHwy Teopempr 4. Ho sTo mpoTuBoOpeyHT JIeM- 


Me, TOCKOJIbky BemmunHa A < C,/R>. 
B sakmiouenve BbIpaxaio OnarofapHoctb JI. B. OscaHHuKopy 3a O6cyx- — 
yleHue padortut. 


VMuctutyt ruapomunaMuku Tlocrynusio 
Cu6upceKkoro oTzestenua AKagemuuv HayK CCCP 3] XIV 196073 


HWMTHPOBAHHAA JIATEPATYPA 


1L. Lichtenstein, Vorlesungen iiber einige Klassen nichtlinearer Integralglei- 
chungen und Integro-Differentialgleichungen, Berlin, 1931. 2M. Baftiu6epr, Bapna- 
WHOHHbI€ MeTOALI HCCeAOBAaHHA HeJIHHeMHbIX OMepaTopos, §§ 22, 23, M., 1956. %H. Mui- 
copcKkux, JAH, 94, Ne 6 (1954). 4*C. Tloxoxaes, JAH, 134, Ne 4, 769 (1960). 
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Jloxazagn Akagemun nayx CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


B. JI. POKAECTBEHCKHH 


HOBbIM METOM PEWEHWS 3AQA4H KOI B WEJIOM 
AJA KBA3HJIAHEMHbIX YPABHEHHA 


(ITpedcmaeaeno axademuxom M. B. Keadowem 10 XII 1960) 


Jia mocTpoeHua riagqKoro (kmaccuyeckoro) pewieHua 3agaun Kom cucTembI 
KBa3HJIMHeHHbIX YpaBHeHHH runepOomuyeckoro Tuma 


q du, Op; (u, t, x) 

ie Mase tt Wn Eo 

| , (1) 
(0, x)=ut(x) (=1,...,%) 


Pa3BUTLI PeryJIAPHbIe MeTObI, B OCHOBHOM MeTOJ XapaKTePHCTHK, NO3BOUIAIO- 
He CTPOHTb pelleHHe BIVIOTh 0 OOpas0BaHHA B HeM OCOOeHHOCTeH (pa3spbHIB 
pelleHHA, HEOrpaHHYeHHOCTh MpOH3BOMHBIX H T. .). OHaKO AIA MocTpoeHusa 
-OOOOIICHHEIX (pa3pbIBHBIX) pellleHHH 3ayaun (1) STH MeTOJbI B MpAMOM CBOeM 
BYJl€é OKa3bIBalOoTCA HelpHMeHHMBIMH. 

Ha 6a3e HOBOrO onpefseeHHA YCTOHUYMBOCTH OOOOMIeEHHOrO pellieHHA 3afa- 
‘au (1) MbI mpefaraem MeTOX NOCTpOeHHA pPa3spbIBHLIX PeWICHHU, ACMOMb3yIOULNH 
'B Ka¥eCTBe QJICEMCHTOB METOJbI NOCTPOCHHA KIaCcH4eCKUX pelleHH. ITOT MeToy 
“ABIACTCA Take YROOHBIM [IX 4HCeHHOTO pellieHHa 3ajauH (1). 

1. Tlonatue o600meHHOrO pelleHHA 3a,aun (1) H ero 
yeTtouuusoctu. Ilyct gmynxunua P(t, x)= {D,(¢, x);...;Pn(t, x)} 
ollpejlesieHa HW HelipepbiBHa pH Oh ieee I X(t) <x <x, (2), “HOUTH BCIOMLy 
B 9TOM OOMacTH OOaqaeT OrpaHHYeHHbIMH MepBbIMH MIPOM3BOAHBIMH, yOBJIe- 
“TROPAIOMIMMH ypaBHeHHAM 


Es Ie i, x) = Vi jp (PE8 Dit, )de G=l,....n) 2) 


MH HadaJIBHOMY YCJIOBHIO 


@;(0, x) = @? (x) = | uo (&) de (Gages sa) (3) 
‘yuku u(t, x) = {0D,(t, x)/dx;...; OP, (t, x)/0x} = AD(t, x)/Ox Oynem 
Ha3bIBATb OOOOUICHHBIM pellieHHeM saylaun Kom (1). 


Byjem TOBOPHTb, YTO MHOIKECTBO @ OOOOMeHHEIX pelleHHH u(t, x) 06- 
‘pasyeT Kulacc ycToliunBocTn pelleHui CHCTeMbI _ypapnenuu (1), ecau: 

a) [na mo6ou orpaHuueHHoli usMepHMoH dyHkKuMH w(x) Halifetcs 
u(t, x)@@ Takasx, TO 


\ [ue (0, £)— u%(E)}dE=0 (i=1,...,n). 


a 


6) na mo6pnix u(t, x)€6, e >0 nO<t<¢t naligetca 6 > 0 Takoe, uTo 


(i, )—wit, Ma|<e (i=1,...,n) (4) 
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yaa seex u(t, x)€& u yowsieTBopsioulAXx yCJIOBHIO: 


V[u(t, B)—ur(e, Ed] <d (GF =1,...,2) (5) | 
X41 () <2 < (0). 


B) Jlio6oe riaqkoe (KaccHuecKoe) pewieHve cucTembl (1) npuHagnexut @. | 
O6o6menHoe pelleHHe wu (f, x) CHcTemMbI! ypaBHeHHi (1) Oyjem Ha3bIBaTE | 
YCTOMYHBLIM, ECM CyilecTByeT Kulacc @, cofxepxKamui u (ft, x). 
STo onpesedeHHe YCTOMYMBOCTH Pa3pbIBHbIX PeleHHH OTparkaeT OCHOBHEIE | 
(baKTbI, H3BECTHbI€E B TCOPHH CHCTeM KBa3WJIMHeMHBIX yYpaBHeHHi runepOoun- | 
yecKOro THIa, a Take YCTAHaBIMBaeT MeTPHKy B MpOcTpaHcTBe OOOOMeHHEIX | 
pelleHuii. SamMeTHM, TO STOMY OTIpefeJIeHHIO ABTOMATHYeCKH yj{OBJeTBOpA- 
}OT OO6OOMeHHEIe (B OObIMHOM CMBICJIe) pelieHHA CHCTeM JIMHeCHHbIX ypaBHe- 
HH. 
Ycsosua (4), (5) Ha Kkmacc @ WalwoT KpUTepHi ycTOHUHBOCTH B3aMeH pa3sJHU- | 
HbIX MIpH3HAKOB YCTOH4YMBOCTH eAMHMYHOTO OOoOnleHHOrO pellieHHa («Oepero- 
Bble YCJIOBUA», <YCJIOBHA BbITYKION OOONOUKH», «YCAOBHA eIOUKH» H Jp.), cmpa- | 
BeJIMBbIX JI Y3KHX KwaccoB cHcTeM (1). 
Kak uspectuo (1,7), 3aqaua (1) skBHBaseHTHa 3agaue Konmu (2), (3) a8 mo- | 
TeHI[Hasia O6oOmleHHOrO pelieHHa ® (¢, x). Hae oupefesienHve ycTOMuHBOCTH | 
Pa3PbIBHBIX pelleHHi 3amauu (1) TpeOyer cumbHOU ycToHuNBocTH (B HOpMe C) 
pemleHuii 3aqaun Korn (2), (3). M3 onpezerenua ycro#unMBocTH BbITeKaeT e]MH- | 
CTBCHHOCTb YcTOMUHBOrO OOOOMLeHHOrO peltieHHa 3agauu (1) B Kmacce &. Teope- 
Ma €/J\MHCTBCHHOCTH pellieHHA 3agaun Koi CBOAMTCA K JOKa3aTesIbCTBY eHH- | 
CTB€HHOCTH KJlacca yCTOMYHBOCTH pelleHHH cHcTemMbl ypaBHeHHH (1). 

2. Metoyq nocTpoeHua OOOOMeCHHEIX peuieHun. Merox xapak- 
TEPHCTHK NO3BOJIAeCT CTPOHTb pelieHuve u(t, x) 3agauu (1) c raaqKoH pyHK- 
uve w°(x) JO MOM€HTa BOSHHKHOBeCHHA OCcOOeHHOCTH B peweHHH. IlostTomy | 
OyemM [pefnouaratb, uTO dbyHKuHA u°(x) uMeeT OcOOeHHOCTH (pa3pbIBbI 
(yHKUHH, HeOrpaHHueHHOCTbh MepBbIX H CTaplwHX MpOH3BOMHBIX H Jp.). | 
ByfeM cuntatTb, uro mph x =O w(x) uMeeT H30NHPOBaHHy!0 OCOOeHHOCTD, 
H OyjleM paccMaTpHBaTb pelleHve 3afaun (1) B OONacTH BAMAHHA OTpesKa | 
|x| <6, rae 6 RocTaTouHO Maso. | 

CrialuM HayasbHyio (byHKyHIo u?(x) Ha oTpeske |x|<e TaK, 4TOODI 


criaxkeHHas (byHKUMA ue (x) He uMea ocoOeHHOcTel mpu |x|<bu copnama- | 
Jia c u°(x) BHe oTpe3Ka |x|<e&; MpH 9TOM yROBNeTBOpHM ycJIOBHAM 


| (ae (G) a? E))dg=0 (i=1,...,0), (6) 


¥TO B IIPHMe€HEHHH K 3ajaye (5) Aaer 


2 (x) =O (x) mpu |x|>e. (7) 


Taxoe crJlaxkHBaHve, OYCBHAHO, MOMKHO TIpPOW3BecTH Bcerfya, IIPHTOM MHO- 
2KeECTBOM croco6os. Ecau MNpOH3BOMUTb CrjlawKUBaHHe C MOMOMLbIO OrPaHHyeH- 


Hol cbyHKuHH Ue (x) : ue. (x)|<M wu |u? (x)|<M, TO 


| DP. (x) — D(x) Me (i= 1,..., 0): (8)| 
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q Hepapeuctsa (8) u (4), (5) moKasprBaior, uro pewleHve U, (¢, x) 3afaun 
oun 


u.(0, x) = us (x) (9) 


id CHcTeMbI (1) 2omKHO ObITh OM3KO K pellleHuio u(t, x) 3aqauu (1). 
Byjem jin cuctempl (1) peutatb 3agauy (9). JIu6o pemlenue sto 3aqaun 
MBI ONpeweuMm Wid OCt<KT, anOo mpu t=t,(e)<7T B pemleHuu cHoBa 


BOSHUKHYT OcoGeHHocTH. CraaxKusan cbyHKuuio u(t, (e), x) Ha oTpesKax 
WIMHbI 28, cofep2Kaljux ocoOeHHOcTH dyHKUHH Ue (¢; (€), *), © MOMOLLbIO 
OrpawuYeHHOH (yHKUMN U(x), H YOBJeTBOp AA ee ycsIoBuaM (6), pelliHm 
Mid cuctTembl (1) sagany Kou uw, (t,(e), x) = ut (x). [[pogom«Kas stor mpo- 
HecC, Mbl, BOOOUIe TOBOps, oNpenenum cbynKuun u(t, x) u ©, (t, x) gaa 
0<t<T.9t™ yHKuMM HeMpepbIBHb! BCIOLY, KPOMe OTPe3KOB CraxKKBaHHA, 
BHe ux ®,(f, x) Ruddepenuupyema. 

Ecam cylectpyer npefes ua ®, (t, x) = P(t, x), Tou (1, cy OD Ee) 0x 


Sy eT OOOOMleHHBIM UH yerowunpnm pelieHvem 3ajjauu Kouin (1), Tak Kak MBI 
HHYerO He MpesnouiaraeM O XapakTepe CrviaxKHBaHHA, KpOMe ycsoBuA (6). 
ITO ycloBHe OOecheynBaeT «MOTeHIHabHOCTL) CPiaxKUBaHHA WJM, Apyrumu 
CJIOBAaMH, BBITIOIHEHHe «3aKOHOB COXpaHeHHsA» CHCTeMbl! ypaBHeHHlt (1). 
JlerkO TIpHBeCTH IIPHMepbl, Kora OTKa3 OT ycOBHH (6) MpHBOAMT K He- 
MPpaBHJIbHBIM pe3yJIbTaTaM. 

3. puMenenHne MeTOLa (NOTEHUHANBHOTO CruaKUBAHH AD 
Lis NOCTPOCHHA pa3spHBHBIX PeWleHHH OMHOTO KBaA3H IH HeH- 
HOrO ypaBHeHHaA. Byfem paccMatpuBatb 3ayauy Kon 


ou Op ae te) 


oe S(t, st), (0, ery (10) 


3 OONACTH BJIHMAHHA HavaJIbHbIX JaHHbIX OTPeska X%; Cx KX_ HavyaJbHOH OCH, 
Saeeees yTo @(u, t, x), f(u, t, x) ABax{bI HeNpepbIBHO Auddepenunpye- 
MbI, a | (x)|< M. 

_ Teopema. Cyiyecmeyem COUNCMBEHNOLL KAaCC E ycmotiuueocmu o606- 
HeHHolX pewlenuit paccmampueaemoti sadauu Kowu. Kaocdoe u3 amux pewwe- 
Uti moose OblMb NnocmpoeHO MemodOM «KNOMeHUUAAbHO2O cCeAadicueanuAy 
cobeHHocmell, m. e. OAA KaNCO020 pewleHuUA eeo nomenyuan Oe) 
= lim ®, (7, x). 

&0 


He npwBosa 3fecb fOKa3aTebCTBa, MPOHJINIOCTpHpyeM ero OCHOBHY!O 
ajeto Ha mpocteiiiem cayuae. Mmenuo, Oyfem cuntath, tof (u, t, x) =0 (?), 
1 (PyYHKWUA Uy, (x) KyCOUHO-HeMpepbiIBHa HW B OKpecTHOcTH |x| <b Touku x = 0 
iMeeT TIpH x = 0 u30upoBaHHy!0 OCOOeCHHOCTh Takyi0, 4TO pees OTHOWICHUA 


@,, (uo (x + Ax), 0, 0) —Q;, (uo (x), 0, 0) 


lim AE 973 6:3) (11) 


Ax->0 
le cymectByeT npn x =O uw A(x) <0 npn |x|<b (x0). He orpannunsan 
\OulHocTH, OyjeM peflomaraTb, 4TO XapakTepucTHKH safaun (10) 
= X(t, x, uy (xM)), x= XE, x2), ty (x®))), x= X(t, x), uy (x®)), 
me x®-x2)>0, a x@).x3) <0, yNOBMeTBOpAIOT TpeOoBaHHIO: TepBble Be 
epecexaiorcs apyr c ‘Ipyrom mlosxKe (pH Oombiiem #), YeEM OJHY H3 HHX 
epeceueT TpeTba xapakTepucTuka. Sto mMpesnosoxKeHHe O3HayaeT, 4TO B 
aCCMAaTpHBaeMOM OKPeCTHOCTH BOSHHKaeT JIMIIb OfHa yapHad BOJIHa, BbI- 
Osta U3 TOUKH x = 0. IIpumenum Tenepb yKa3aHHbIit MeTOp. 
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OuepuHo, TO U3 pai, yYacTKOB CraxKMBaHUA BbIXOAAT HCTHHHBIe Xa- 
paktepucTukn ypapuenus (10) u sagaun Komm u(0, x) =u, (x). PyHKuuH 


Ue (tox); O. (1, x) OyAyT HenpepbIBHb! BCIOAy, KPOME OTPe3KOB CrlaxKuBaHHA 
; t mpamprx ¢ =, (e). Ha puc. 1 us06paxenbl 

39TH OTpe3KH, a Take OTPe3KH HCTHHHbIX 
XapakTepucTHK 3ajauH (10), 3aksio04ueHHBIe 
MexKLy OTpesKaMH CIrvlaxKHBaHHA JIA ByX | 
3HaueHHH &=8&, HUH &=&<&,. Kpupo-f] 
JIMHeHHbIe TpalleluvH, OTHOCHUIMeCA K CJIyualo 
& = €, H300paxKeHb! CIMOWHON JIMHMeH, K CJly- 
yalo & = &,—TIlyHKTHpHOH. Max, (yHkKUMH | 
u-(t, x), ®,.(t, x) HemlpepbiBHE! Hu Auddeper- | 
IMpyeMbI BHE COOTBETCTBY!OMero «MOACa yap- | 
HOH BOJIHbIy U3 KPHBOJIMHeMHEIX TpanenHi. B 
CHJy CeaHHbIX TpeqmouowKeHH «MoAc», CO-| 
OTBETCTBYIOULUH &2, JICXKUT WeJIMKOM BHYTPH «I0- 
ca», COOTBETCTBYIOMNero 3HayeHHIO &,. Bue sTux 
«TOACOB» Ue, (t, X) = Ue, (t, x). Tak kak (oe, (t,0%4))| <MG ter (Ex) 4 <G Ve re 
|B.,(¢, x) — B.,(¢, x)|<2Me._ 
Vrax, nocmefopatembuocth @,(¢, x) aABaeTCA yHMaMeHTaJIbHOH HM CXO- 
wuTcaA papHomepuo. Ee npegen D(t, x) =lim®,(¢t, x) ecTb HenpepbiBHad} 

e>0 


(PyHKUMA, KOTOpad HM SABJIAeTCH NOTeHIHaNOM OOOOMIeHHOrTO ycTOMYMBOTO | 
pelleHua. | 
YkasaHHbI cnocoO JoKasaTeIbCTBa 3aTeM OOOOMLaeTCA Ha cAyyaH Mpo- 
M3BOJIbHBIX OFPaHHYeCHHbIX H3MEPHMbIX GyHKUHH Uy (x). 
CoBOKYHHOCTb MOCTpOeHHBIX pellleHui OOpas3yeT, KaK JlerKO BUJeTb, ksacc 6; 
mpH stom O(¢, ¢) =e. EquuctpenHoctb kKslacca 6 JIerKO ycTaHaBJIMBaeTcd,| 
4. YKka3aHHbiit MeTOJ, MO%KeT paCCMaTpHBaTbCA KaK BO3MO?KHBIM MeTO) 
YHCJIEHHOrO pelieHHa 3aqauH Kom (1) u, B YacTHOCTH, MOxeT ObITb MIpH- 
MCHeH JIA TOCTPOCHHA Pa3PbIBHbIX peleHHH ypaBHeHHH THApoOsMHaMUKU.| 


Agtop BbipaxkaeT OjlarofapHocTb un.-kopp. AH CCCP A. H. Tuxonosy 
3a OOcyxXeHve BOTIpoca HW WeHHbIe 3aMeqaHHa. 


TloctynHi0 
9 XII 1960 


UMTHPOBAHHAA JIMTEPATYPA 


16. J. PoxpzectpencKuh, JAH, 122, Ne 4,551 (1958). * HH. H. K y sia 
nos, 5B. Jl. PoxmgectBeuckun, JAH, 126, Ne 3, 486 (1959). 
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HMokaaym ArkanemMun nayr CCCP 
1961. Tom 138, Ne 2 


MATEMATHKA 


Ml. E. COBOJIEBCKHH 


OWEHKH ®YHKIMW FPHHA YPABHEHHH B 4ACTHbIX 
NPOH3SBOHbIX BTOPOTO TOPAAKA MAPABOJIAYECKOLO THA 


(ITpedcmaeaexo akxademuxom H. I. Ilempoecxum 8 XII 1960) 


1. Ilyetb Q— oTKpbirad KoHeuHaA OOacTh n-yepHOrO mpocTpaHcTBa, 
Ir paHHyeHHaA 3aMKHYTOH MoBepxHocTbio S Ksacca Aw Gy: 

Ilyctb byHKunH aj, (x) (i, R= 1, 2,...,n), a(x) *=(%, %,... » Xn)) 
yipefenens! Ha Q. Ilycth dyHKuHH Oa;,(x)/Oxn, a(x) HelpepbiBHH! Ha Q u 
JJOBNETBOPAIOT B KawKJOH BHYTpeHHeli TouKe {2 KakKOMY-HHOyb yCJOBHIO 
esbyepa. Ilyctb dbyHKuna o(y) onpesxenena u HenpeppiBHa Ha S. Ilyctp 

n n 


Rs) = Gpy (x), >) 2Y rAik Ce De Y? ANA MOObIX Y1,...,%a HW Kakoro- 


é#,R=1 f=1 
ivOyAb Ay > 0, a(x) >a, >0 u o(y)>0. 
PaccmMoTpuM KpaeBylo 3afauy 


a nt 
21 az; | amMag, | + ele = 0 (i > 0, * EQ); (1) 
lim >} an (x) & cos(Ny, x) +oy)v=0 (F>0,yeS)) 2) 
x@Ny i, R=1 vk 
v(0, x) =v (x) (x €Q), (3) 


rue N,—BekKTOp BHellHeH HOpMasH K NloBpepxHOocTH S B TouKe y. 

B (?) noka3aHo, 4TO MpH ccbopMyJIMpOBaHHbIX BbIWe yCNOBHAX MU JuOO0K 
HemipepbIBHOM Ha Q dyHKIHH Vo (x) 9TA 3afaya HMEeT eCMHCTBEHHOe pellleHue 
y(t, x), HellpepbiBHoe B WunHHApe [(0, oo) x Q Hm OfMH pas HelpepiBHO 
muddepenwupyemoe no ¢ WM ABaxKb No x B WHMHApe (0, oo) x Q. Sagata 
(1) — (2) — (3) cBogutcs K MHTerpaJbHOMY ypaBHeHHIO BOJIbTeppOBCKOrO Tua 
CO CulaObIMH OCOOeHHOCTAMH, H HOITOMYy ee pellieHHe v(t, x) Mo2xeT OBITS 
HalijeHO MeETOROM MocwefOBaTeJIbHbIX TpHOMKeHHH. 

OxasblBaeTca, 4uTO petllenue u(t, x) MoxKeT ObITb IIpescTaBseHoO B Buse 


v(t, x)=) G(t % ¥) oy) ay. (4) 
Q 


Dyukuua G(t; x, y) HasbiBaeTca cbyHKuveH puna. Ona Hempeppipya B 
quainuugpe (0, oo) x Q x @, omuH pas HempepbIBHO Aupdepenunpyema no ¢ 
4 1Baxkybl NO x B WuNMHEpe (0, oo) x 2 X Q u yoBNeTBOpHeT ypaBHeHHIO 
1) u rpanuunomy ycuosuio (2). Jlanee, dynKuun G(t; x, y) HeoTpuuatTembHa 
q CHMMeTpHuHa OTHOCHTeIbHO x u y. Hakone, An smo0OnIx ¢, t > 0 cmpa- 
BEMIMBO TOKECTBO 


G(t-+t x, y= \ G(t; x» z) G(x; 2, y) az. (5) 


OQ, 


‘V OLAH, 7. 138, Ne 2 313 
Ye 


if 


wit 


CchopmynupoBaHHble sfecb cBolicrsa G(t; x,.¥) -(BOSMOKHO, MpH Oovee 
*KECTKUX OFpaHWYeHHAX) ObIWIM, MO-BHMMOMY, HS3BECTHbI paHee. OyuaKo Jo- 
Ka3aTeJIbCTBO 9THX CBOMCTB, a TakxKe (OpMyJIMpyeMbIxX HHKe TeOpeM IIpH 
KaK MOKHO MeHbIIMX TpemMouorxKeHHAX BaXKHO IPH UCceOBaHHN HeVIMHeL- 


HbIX ypaBHeHHi. 
2. Teopema 1. ITycme to > 0. Ecau tE(0, to], mo 


6 (to) ee —n/2 
O<G(t; x, y)<C (fo) exp {— ele : (6) 
eu t 2 ty, i0 
O<G(t; x, y) <C (t)) exp {— aot}; (7) 
goecs G (ty), 9 (to) = 9: 
Teopema 2. Iycmb VE (0, 1), &€ (0, n/2), vE[O, vol, e€(0, eo]. Ecau 
t€ (0, tol, tno ; 
re iG(ti » 2-4 ¥ DIS 
2 n-+-v —5¢ n--y 
<6 Gaevane) exp{— ln Mm Ort. ‘min {2 Sate here = 4 (8) 


ode r= min {rxz, Tyz}. Ecau t >to, mo 
ry |G es x, 2)—G(t; y, 2)| <C (to, Vo) exp {— ot}. (9) 
Bocnosb30BaBIUHCb CHMMeTpHeH dyHKuun G(t; x, y) HW TOAMECTBOM (5), 
MbI CMOXKEM OLeHHTb Kosbpuunents! Tenpzepa sToH @yHKWHA MO COBOKyI- 


HOCTH I@peMeCHHBIX X H Y. | 
3. Teopema 3. ITycme mynkyun o(y) yOoeremeopsem ycAoéeuto 


15 (ys) —5(Y2)|<C|yi— wel’ (C>0, 0<h<)). (10) 
Ecau t €(0, fo], mo 


| ax OU x, Y)|N 
<C (to, &) EXP ie ey «min {io ey fo wecials (11) 
Ecau t >to, mo 
ae OUts ms )| SC Uto)exp {—avt). (12) 


ToxyecTBo (5) NOsBOsIAeT OLeCHHTb MpOM3BOAHBIC G(t; x, y) No coBokKyl 
HOCTH TlepeMeHHBIX x Hy. Ecau ¢€(0, fo], TO 


0? 


Pa Cant ter Boe 
Ecan t >to, TO ‘ 
0? | 
Tudy,, 0 (ts % ¥)| SE (to) exp {— aot} (14 


B oOwjem cayyae, Korga yHKIMA oO(Y) JMIlb HelpepbiBHa, byHKUMK 
G(t; x,y) MOXxKHO mpejcTaBuTb B Bue CyMMbI AByX CJlaracMbix G, H Gy 


314 


IIa N€pBOrO W3 KOTOPBIX ClipaBewiMBa olenKa (11), a AA BTOporo mpa 
tE (0, ¢)] omenKka 


\ ae GU x Ty) dy 


Qy 


< (to; BYP (*) [ic (15) 


Ly, (2) 


4 
IpH JUOObIX 3HAUeCHHAX a E > 


fees 
BE (a+, + I)u F(x) €Lp(Q), 
Teopema 4. J/Iycmb eeinoaneno (10). THycme v.€(0, min {A, A}) wu 
ve [0, Vol- Ecau t €(0, to], mo 


a), peé(l Gai) Pas aly 


age G (ts 2 Seale H 2)1< 


; Mere G Ve oo nebiey aor 
‘min \t 2 reat 2 y» (16) 


SC (to, Vo, &) EXP i peer | 


Pere minir.., Tye}. CCA t ty, mo 


a Olt: a 2)— 5 G(s y, 2)|<C( to, Vo) EXP {— Aof}. (17) 


Be eo fe MOSBOJIAeT OWEHHTb KOSPPuMeHTH! Tenbzepa dbyHKunii 


oo Gt; XU) G(t; x, y) 10 COBOKYNHOCTH TepeMeHHBIX x HY. 


0? 
> Ox,0Y, i9Y, 
4, Tak kak Se AM, to cymecTByeT Takoe 4HCIO ry >0, 4TO ANA sMO- 


jo TouKH x EQ, ynanennoii oT S He Jlambille, 4eM Ha fy, Haliferca enuH- 
TBeEHHAA OM Kalillad K He TOUKa p,€S. Ouepunuo, x@N,,. Tana Taxux x 


NO JIOHKHM 
dv i ov 
Se ta >| Qik tia COs (Nep a) : (18) 


Px Gp lial 


Teopema 5. Ecau te(0, tol, mmo 


; r, 

: <C (to, 8) exp = oe “min aa tet : (19) 
Cia tq, mmo 

‘ a Olt x, | <Ctolexp {— aot}. (20) 

Teopema 6. IIycmb v,€(0, A), VE[O, Vol. Ecau t€(0, to], mo 

. roa | ap Ges Si EA ay Rak y, 2)1< 


ae : mits 
a ae 9 fae 


Pesan, fez}. Ecru £20; mo 


rey | 5 ar, (ts x, Z)— ah a Y, 2)|<C (to, vo)exp {— apt}. (22) 


5* 15 


Ae 


Al 


Teopema 7. ITycme x, y, z€S u té(0, fo]. To2da 


ar ots x, YI 
< C (to, 2) exp te ARDS) x fe “min a Tre “ace i aa *} ; (23) 
ai ae oe x, 2)— ap Os y 2)|< (24) 
<C (to, Vo, &) exp = Gis) «min [Raman Liane Eeegue f 


COE IF == MINA hye 
5. Takue »Ke OMe@HKH MMeIOT MecTo Avia dyHKuHH puna G(t; x, y) nep- 
BOH KpaeBpol 3amqauH. OTMeTHM TakKxKe HepaBeHCTBO 


OR GU fy) Gwe): (25 


6. YcTaHOBJIeHHble B 9TOH CTaTbe OMeHKH HAaXOLAT MpHMeHeHHe MPH | 
HCCe€OBaHHH JpOOHbIX CTeMeHeH SMNTHYeECKHX ONepaTOpos. 


BopouexkcKnl  Ce/IbCKOXO3AUCTBCHHBI Tocrynuso 
HHCTHTYT 7 XII 1960 


WHMTHPOBAHHAS JIUTEPATYPA 


1k. Mupauga, YpaBHenua c uacTHBIMA MpOH3BOAHBIMH SiHNTHYeCKOrO THNa, MI, | 
1957. *? B. Tloroxeapbekuit, Marem. cOopx., 47 (89), Ne 4 (1959). 
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Woknagn Akagemun nayx CCCP 
1961. Tom 138, N 2 


MATEMATHKA 


A. A. TAJIAJISAH 


O CYIMECTBOBAHHH TPHTOHOMETPHYECKOLO PAA, 
YHHBEPCAJIBHOFO OTHOCHTEJIBHO NOWPALOB 


(ITpedcmaereno axademuxom M. B. Keadouuem 38 I 1961) 


B 1941 r. . E. Mensutos (1) qoka3aa caenyroulyio (byHaMeHTaJIbHy10 TeO- 
eMy O TIpeACTaBJIeEHHH W3MepHMbIX (PyYHKUWAH TpHrOHOMeTpHueCKHMN pxaMu: 
Jlan arobolt noumu ee3sde Konexnoti usmepumou qbynxyuu f(x), onpederennoti 


a |—«m,m], cywecmeyem mpuzonomempuuecku pad 
[oe) 
a . 
oon =e , An cosnx + b, sin nx, 
n=1 
omopelti cxodumcsa K f (x) noumu ecrody xa [— a1, m1]. 


IIpu JoKa3aTespcTBe sTou Teopembl JI. E. MexbiioBnim Oplia HCHOb30BaHa © 


Jeqyroad TeopeMa, JOKa3aHHasd uM B paootTe (?): 

laa mo6ott noumu ee3de Koneunot u3smepumot dynkyuu f(x), onpederennot 
a |— an, 1], u O1A 2106020 noAooCUMeNbHOZO 4UCAA O MODKHO ONpedeaumb Henpe- 
pleHyro Ha [—n, 1] dynkyuto G(x) u u3mepumoe mnoocecmeo E, o6radauue cre- 
yrouumu ceolucmeamu: 

Eee, cu), messi > 21 —s; 

8) G(x) =f (x) (x GE); 

Y) px0 Bypve dynkyuu G(x) cxodumca noumu ecrody na [— x, x]. 

Ucnomp3ya aemmpt Menpiiopa, JoKa3aHHbie B padorte (7), H MpHMeHAA MeTOL, 
TIM4HbIM OT MeTOLa, IpHMeHeHHOroO B (1), MOXKHO TOKa3aTb CeAyIouly!o Teope- 
1V, ABJIAIONLyIOcA ycHsIeHHem Teopemb! MenbioBa 0 MpelcTaBsieHHH H3mMepH- 
IbIX (QYHKUMH TPHrOHOMeTpHyeCcKHMH psxfaMu: 

Teopema 1. Cywecmeyem mpueonomempuseckuli psd 


(ee) 


3-+ >} ancosnx + b, sin nx (1) 


n=1 


nakou, umo Onn swOoti noumnu 6eesde KoHeuHO u3mepumoll @ynKyuu f(x), onpe- 


JenenHot na [— a, 1], cywwecmeyem nodpsd0 pada (1) 
‘> An, COS NgX + bp, Sin Nyx (My<Me<.-.- <n <a), (2) 
k=1 


comopelti cxodumca Kx f (x) nowmu ectody na [— x, a]. 
Sra TeopeMa ABMIAeTCA MOJIOMUTEABHLIM PelleHHeM BOMpoca, NMocTaBseHHOrO 
s o6sopHoi cratee (*) (cm. (*), § 10, sanaua 3). 
Hametym B oOMMX 4epTax JOKa3saTeIbCTBO Teopembr 1. 
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Any 


Crpoutes pag (1), oOuamaiouluii ceqyioulMMu CBOCTBaMM (9TH CBOHCTBa 
Mbl ciopMysHpyeM KaK JICMMbI, TOTOMY 4YTO HX MOX%KHO paCCMaTPHBaTb Kak 
CBOHCTBa TPHTOHOMeTpHyecKHX MHOFOwIeHOB BoOOOIIe). 

Jlemma 1. Jaa at6oti noumu ee3de Koneunot usmepumol dynKyuu rp (x), 
3Q0QHHOt Ha HeKOMmopom mHoocecmee E, mesE>O0, Onn ato6o2e0 Hamyparo-— 


Hoeo uucaa N u noaoscumenoroeo uucaa 6 u3 unenoe pada (1) moocHo cocmaeumb — 
_ | 


MpUeoHOMEMPUYECKULL NOAUHOM > (Ap, COS pjX + bp, Sin pjx) u onpedeaumb u3me- 


f=1 
pumole mHoscecmea P u Q makue, 4mobbl BbINOAHAAUCH CaAedytOUuyUe YCAOBUA: 


NS pix pps as (3). 
PCE, mesP>mesE—6; (4) 
QCCE, mesQ>mesCE—6 (CE =(—nx, s)—B); (6) 


q 
> Ap, COS pjX + Dp, sin pjx — rp (x) | <6 (6) 
j=Y 

npu xp; 

Y} 4p; COS PjX + Op, Sin pjx| <6 (7) 
j=1 


npu x@€Q u Onan ecex i, 2e0e lRi<cg. | 

Jlemma 2. JIna <ato6020 noaonctumenbHo2o 4uCcAa & MOMZCHO onpedeaumo | 
nononcumenbHoe 4ucao 6 makoe, 4mo, KaKkoea Obl Hu Ool~»a usMmMepumMaA GYHK- 
yun f(x), OnpedeneHHan Ha HeKOoMOpomM usMepumOM mHOocecmee E _(—X, mt), 
mes E>0, u yooesemeoparoujan Hepaeencmey 


IF (x)|<6, x€E, (8) | 

KAKO6bl Obl HU OblAU HAaMYpadrbHoe uucno N u noazozumenoHoe 4UuCAO Y, CYy- | 
Tr 

wuecmeyiom usmepumoe mHoocecmeo F u noaunom y Ap, COS Rix +- bp, Sin Rjx, 


j=1 
BolOpanHolll us pada (1), Komopble yOoenemeopsiom CAeOYIOLUM YCAOBUAM: 


FCE, mesF >mesE —e; (9) # 
Ne le Fe eee (10) 
e 

S} Gn; COS Rix +- Op, sin Rix | Ge (11) 

j=1 


Oana nt060eo xEF u Onan ecex p, 20e 1<p<r; 


SY) %; Cos Rx + by, sin kx — f (x)| > (12) 


j=1 


OAn 106020 xGF. 
Jlanee jloKa3pipaetes, uTo pay (1), mocTpoeHHbili TakHM O6pasoM, 4TO} 
(JIA Hero BBINOMHAIOTCA JIeMMbI 1 4 2, yROBJeTBOpAeT yCJIOBHAM TeOpeMbl 1.) 
IIpH mocrpoenuu psaga (1), o6mafaiomero ykKasaHHbIMH cBOlicTBaMH, 
HCHOJIb3yeTcaA cilenyroulan Jemma JI. E. Meupuiosa (?): 
Jlemma 3 (J. E. Menputos). [Tycmo ax +b—aunetinan dynkyus, Ko 
mopan He MenAem 3HAKA NA HeKOMOpOM OMpe3Ke [C, d]. 
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Toeda Onn ato6020 nonoscumenbHoeo 4UCAa NU YeAo2O 4uCcAa Vv > 8 mooKeHO 
Inpedeaumb qynkKyuto p(x) u uamepumoe mnoocecmeo E, Komopole o62adatom 
AeOyrolUmU ceolicmeamu: 


1) p(x) nenpepolena @ [c,d] u aunelina @ KaxOOM Us HeKOMOpoeO KO- 
1€4HO2O 4UCAA OMPe3KOB, NOAYLEHHOLX pasdeneHuem Ompe3sKa [c, da]; 


2) p(c)=ac+ 6b, p(d)=ad+5; 
ate aIC. dl, mes E > (d—c)(1— =); 
4) |»p(x)|< 2uv (c< x <d), 2de x = max jax + d|; 


e<x<d 
a’ 
5) \ BCT GL |<< 1) OnAwaceX cSt d,"20e. c= Ch a a, 
‘ 
6) |\ ve) Sinn —) dt | <Buv (x€E, n=1,2,...), de B—a6co.om- 
ce 


HAS NOCMOAHNAS; 
7) p(x) =ax+ bd npu xGE. 


VucTrutyT MaTeMaTHKH H MeXaHHKH Tlocrynuso 
Axayemun wayk ApmCCP 27 XII, 1960 


IMTHPOBAHHAA JIATEPATYPA 


1 yj. E. Meuburos, Matem. cOopH., 9, B. 3, 667 (1941), #27. E. Meubumos, 
Matem. c6opH., 8, B. 3, 493 (1940). 3% A.A. Taaaasau, YMH, 15, B. 5, 77 (1960). 
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Pant he te 


Jioxaann Axkagemun nayr CCCP 
1961. Tom 138, Ne 2> 


MATEMATHKA 


B. A. TPAXTEHBPOT 


HEKOTOPbIE MOCTPOEHHSA B JIOFHKE OJHOMECTHbIX 
NPEMKATOB 


(IT pedcmaeaeno axademukom II. C. Hoeuxoevim 29 XII 1960) 


1. B pa6dorte (1) Obl0 MOKa3aHO, YTO HCUMCMeHHe OJHOMECTHBIX NpeUKaTOB 
ABJIACTCH AJCKBATHBIM ASbIKOM JWJIA OMMCAHHA OMepaTOpOB, peaJlHSyeMbIX KO- 
HeYHBIMH aBTOMaTaMH. AHaJIOrMUHble pesybTaTH cofepxKaTcA HM B padore (?), 
aBTOp KOTOpOH He OblJI 3HaKOM C HallleH cTaTbeH (1). OOHapyxKeHHaA CBASb MEXK- 
AY KOHCUHBIMH aBTOMaTaMH HM yKa3aHHbIM JIOTHYeCKHM HCUHCJICHHEM OKa3bIBaeT- 
CA HOMe3HOH pH pacCMOTPeHHH Kak 4HCTO JIOTH4YeCKHX 3ayau, Tak WM sayad 3 
TeOPHM KOHCYHBIX AaBTOMaTOB. B HacTosMeH 3ameTKe TaKMM IyTeM NOMyUeHO 
peleHHe ofHOH 3azaun Tapcxoro (cM. n. 3) 4 mpocexKeHa BOSMOMKHOCTH Mepe- 
HeCCHHA HA KOHCYHbIC ABTOMATLI HEKOTOPbIX (aKTOB H3 TCOPHH aJIFOpHTMOB. 

2. Ilycrb UM —tTeopus, nocrpoeHHan cpefcTBaMu pacluiMpeHHoro MCuHCJe- 
HHA OMHOMeCTHEIX TpeMKaTOB H3 aTOMapHBIX dopmys Tuna X (Z), Y (7), 
Z(o”),..., The t, T, 6,... HHTepMpeTHpyloTCA Kak HaTypaJIbHble CIA; 
‘— Kak (PyHKUHA HeMmocpescTBeHHOrO cleqoBaHua; X, Y, Z,...— Kak lepemMeH- 
HbI€ IIpeMHKaTbl, ONpeyeweHHble Ha HaTypasbHOM page uucen. B M1 onpepe- 
JIMMbI OTHOIWCHHA paBeHCTBa H HepaBeHCcTBa (<_) JIA TipefMeTHbIX MepeMeH- 
HbIX, @ CJI@JOBaTeIbHO HM OFpaHHYeHHble MpefiMeTHbIe KBaHTOpbl. To xe 
CamMoe OTHOCHTCaA HM K TeopuHu M1’, oTauuatometica or VM sub Tem, 4TO Ipe- 
JMKaTHble TepeMeHHbIe HHTepMpeTHpyloTcA Kak CHelwasbHbIe MpeMKaTHl, 
T. €. TakHe MpequkatTs! X, uTo (Et)(t) X(t). Popmyna B[xj,..., Xm] 43) 
M (umm WV’), ne cogepxkaliaad HuKaKHX J[pyruX CBOOOAHBIX NepeMeHHBIX, 
KpoMe YKa3aHHbIX [MpeAMKaTHBIX [epeMeHHBIX, OMpefedneT MHOXKECTBO 


X,-..XmB(X,..-, Xm) TEX HaGOpOB MpeluKaTOB, KOTOpble ef yOBJeTBO- 
patoT. B Tom xe cMbicNe dopmysb B(t), S(t, t), Bit, t, s),... ompenie- 
IAIOT COOTBETCTBYIONIMe MHOMKeCTBA uncen ¢, Nap uncen <¢, T>, TpoeK 4MCeN 
(ft, T, 6> HM, B YaCTHOCTH, OMepaluio o = f(t, tT), ecu (t)(t) (E! 6) BUF, T, 6). | 

3. IIpu yka3aHHOl uHTepnperauun VM Kawyaa 3amKHyTaa dopmysa mHO0 
ACTHHHa, JIMOO J0%KHA, H NOSTOMY eCTECTBEHHOM ABJIAeTCA: | 

IIpo6aema | (Tapcxui). Paspemmma mu teopun VP 

UsectHo, uTo ecu pacuimputTp V 3a cuerT 20OaBeHUA OnepallHu cO*KeHHA, 
TO BCe peKypCHBHbIe PYHKWMH CTAHOBATCA OMpeeHMbIMH, a CaMa pacilupeH- 
Had TeOpHA HepaspewiMmMoH. B cBaA3H C 3THM BO3HHKA@eT: 

Ilpo6Oaema 2 (Tapcxuit). Onpezenuma mu B VM onepanua cnomenua? 

AcHO, 4YTO MOMOMKUTeIbHOe pellleHve KaKOM-1HOO OMHOH M3 STHX MpobeM 
BeYeT 3a COOOIO OTPHUAaTebHOe pellieHve Apyrol. Broxu (?), a Takxe Opeu- 
(POHXT ycTaHOBHIH paspemmMMocTp cucTempl M1’ Gonee cna6oi, vem H, a PoOun- 
CoH (*) WoKa3an, 4TO COHKeHHe ONpesenuMO, ec K V1’ 7OOaBuTD onepalluio yL- 
BOeCHHA unCIa. Hue (nm. 4) qaHo OTpuaTembHOe petlieHHe mpoOemE! 2 Aa V1. 
Xora mpoOmema | ocraetcs mpu STOM OTKPHITOH, npemcTaBmseTca mpaBsonoj06- 
HbIM, UTO OHA PellaeTCA MONOMKUTEbHO. 


4. Ilycth B(x, ..., Xm) — npousBombHas dopmyaa us 1. Wmeetca anro- 
PpuTM, NepepadaTHiBatomnh copmyny B(x, ..-., Xm) &(T) [Xz (T) &~... & Xm(T)] 
B 9KBUBaJIeHTHYIO eH copmysly Buya 

D (Ty (Xp Xm) eee ee cap See Coa een a 
rye: © —dynxunu anreOpp noruxu; Ty,..., °,—t-cbopmympi ¢ KoHTposu- 
pyeMbIMH KBaHTopamu (cM. (1); Q),..., Q,—samkunythle dopmynn u3 V. 
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Tlockoabky nocne Bpmuvcnenua 3HaveHna MCTHHHOCTH (opmyn Qy,..., Qu. 


cama (bopmysia © cranosutes ¢t-cpopmysoli c KOHTPOJIMpYeMbIMH _KBaHTOpaMH> 
TO OTCIOfa cJlefyer: 


Teopema 1. Jaa Kkaodott @opmyfot B(x1,..., %m) us U cywecmeyem 


Koneunblil aemomam, o6nadawuwuti céeoticmeom: 6xoOHOMY cCaoBy <x,(1),... 
Pee i (2); 0% Xm (2)0. CX, (t),..., X%m(t)> coomeemcmeyem eoixod 

W (¢)=1 @ mom u moanoKo 6 mom cay4ae, Ko2da HAabop npeduKamoe x1, ... , vo 

OoonpedenenHelx, KaK paenole 0Oaax ecex t >t, npunadseocum x1... XmB Cee sheers 

B 9TOM cMbICIe MpHHaexKHOCTh CHetManbHEx TIpeqUKaTOB MHOKEeCTBY 


Xy. 2+ XmB(X1,..., Xm) “ABTOMATHOY pacno3HaBaema. 

CaenetBue. Beskoe muoxectao N HaTYPaJIbHbIX YHCeN, OpeLeHMoe 
BUM, aBasetca TlepHoyMyeckun *, 

Takum o6pasom, B V1 onpenenum snmp Becpma Y3KHH Kjlacc PeKypCHBHBIX 
MHOXECTB. OTciofa yxKe HenocpescTBeHHO caemyetT (cM. 1. 3) 

Teopem a 2. Croowenue ne onpedeaumo 6 VU. 

ipumeuaune. Jloxasarenpcrso Teopembl | TakOBO, 4TO AIA MOmMy4e- 
HMA KaHOHHYeCCKUX ypaBHeHH COOTBETCTBYIOINero aBTOMaTa HY2KHO mpeqBapu- 
TENbHO YCTAHOBUTb WCTHHHOCTb WIM JOXKHOCTh 3AMKHYTHIX bopmya Q3,..., Q.. 
Tlostomy nojoxutTenbHoe pelleHHe mpoOjemp | nosBoMIO OBI H3BNeUb 13 
STOrO AOKa3ZAaTeNbCTBA ANTOPHTM, MOcTaBAIOWMi KaHOHMUecKUe ypaBHeHHa 
NO M000 3aaHHot cbopmysie B(x, . . ., ogy , 

5. Tor akt, yTo B s3bIKe, ONMCHIBaIONIeEM ONepaTOpbl KOHEYHBIX ABTOMATOB, 
AOUYCTHMBI IIpeAUKaTHbIe KBaHTOPHI, BuleyeT 3a COOoIO HHOrMA HapylleHve ana- 
OPH C H3BECTHEIMH Teopemamu TeopuH PeKYPCHBHBIX (PyHKUMU, re KBaHTOpbI 
arpaior Apyryto ponb. B uubIx cyyaax, XOTA aHanOrua MMeeT MeCTO, ee ycTa- 
HOBJeHHE MOUTH OFeBUHO. HwxKe npuBereHbi mpumepst, WJIJIOCTP Hp yiolllHe STH 
MOIOKeHHA. 

B TeOpHH KOHeYHEIX aBTOMaTOB aHaslorom PeKyPCHBHOTO MHOKeCTBA 
MO2KHO CYHTaTb BCAKOG TaKOe€ MHOXKeCTBO cuIOB M, WA KOTOporo cylle- 
CTByeT KOHCYHBIM aBTOMAT, BbIPpadaTHIBaloUUi B | pesyJIbTaTe roqayu coBa 
us Mu 0 npw nogaye mo6cro ppyroro sBxo_HOro CJIOBa; Ha30BeM Takoe 
MHOXKECTBO d-paspellMMbIM. Ecau 2xe cyulecTByeT KOHeUHBI aBTOMaT, KOTO- 
PbIH OTOOpaxkaeT MHOXKECTBO BCeX BXOJHBIX CJIOB Ha MY, TO M (HasoBem ero 
4-€PedHCJIMMBIM MHOXKECTBOM) aHaJOrv4yHO peKypPCHBHO MepeyHCJIHMOMy MHO- 
KECTBY. 

OueBuHO, a-lepeyucnumMoe MHOxKeCTBO I oOslayaeT CBOLCTBAaMH: 

I. Ecnu cnopo MEM, To Beakuli ero HauambuErt Kycok 6M. 

Il. Ecru MEM, To cyulecTByeT B S$ COBO, Ha¥aJbHbIM KYCKOM KOTO- 
J0rOo ABJIAeTcA M. 

IlycTb BxOQHOM amaBuT KoHeyHOrO aBToMaTa sBIAeTCA IIPAMBIM TIpoH3- 
sENeHHEM JIBYX aJIPaBUTOB; TOra KaxXKOe BXOMHOE CJIOBO MOXKHO paccmat- 
‘MBaTb Kak Mapy cop <M, N> B coorsetctTByiomlux ampaputax. Ecnu muo- 
KeECTBO St, @-paspelllMMoe 9THM ABTOMATOM, TaKOBO, UTO (M) (EIN) {XM, NY EM}, 
© TCM CaMBIM KOHEYHBIM aBTOMATOM 3ajlaH HesBHO Onepatop, llepepadarThi- 
aiomui cnopa M B cnosa N. 

IIpumMenntebHO K BBeJeHHbIM NOHATHAM ClipaBeAJIMBbI yTBeEpKeHUA: 

A. BesKoe a-nepeyucaumoe mHoxecTBO a-pa3pelliuMo. 

B. [na toro to6st a-paspewmmoe MHOoxKeCTBO OBIIO a-TlepeuHcJIMMbIM, 
OOXOHMO HM fOCTaTOUHO, YTOOLI OHO oOsazano cBolcrBamu | — II, 

B. Beakuli onepatop 6e3 mpeyBocxnmenus (*), HeABHO 3aaHHBI B KO- 


€4YHOM aBTOMAaTe, peaJIu3yem (SBHO) B HE€KOTOPOM KOHE€YHOM aBTOMAaTEe. 
Tlocrynuso 


23 XI 1960 
UWMTHPOBAHHAS JIATEPATYPA 
1B. A. Tpaxtenu6por, JIAH, 118, 4 (1958). #J.R. Biichi, Zs. f. math. 
ogik u. Grundlagen d. Math., 6, Ne 1,66 (1960). *R.M. Robinson, Proc. Am. Math. 
i 9, 238 (1958), *5.A. Tpaxten6 por, J[AH, 112, Ne 6 (1957). 
| * T. e. cymecrsytor Taxue p, g, aTo (x) (x + pEeN =x +p+qeN). 
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Jloxnagm AnkayeMun HaykK cccP 
1961. Tom 138, Ne 2 ~ 


MATEMATHKA 


A. M. YABUCOB 


OB ACHMMTOTHYUECKOM MOLIHOCTH HW 3IdMEKTHBHOCTH 
KPHTEPHA 2, | 


(ITpedcmasaeno akademuxom A. H. Koamoeoposoim 20 XII 1960) 


§ 1. Ilyetp %4, %ey-.+3 %n2— BbIOOpKa H3 N HesaBHCHMBbIX HaOJUOeHuH 
cnyuaiHol BeIHUHHbI C PyHKUMeH paciipesemenna F (x). Smnupuyeckyto PyHK- 
WHIO pacnpeyleieHusd Tako BbIOOpKH Oyzem o6osnauats F(x). Kputepuit Wn 
ecTb KpHTepHii Ia MpOBepKH MpocToH runoTesbl F (x) = Fo(x), OCHOBaHHEIA 
Ha CTaTHCTHKe ' 


08 (F) =n | [FO (x) — Fol)? (Fo (2) dF o (*), (1) 
rye p(u)>0 (0<u<1)—neKxoropaa sBecopan yHKuMA. AprymenT F MbI 
BBOAUM Jit OOO3HAYCHHA HCTHHHOTO pacnipefesteHus BbIOopKu. B mpepno- 
nomxeuuu F (x) = Fy (x) mpeyesbHoe pactipewemeHve BeEMMUHHEI @, IPH M—> co 
usyuanocs H. B. CmupxHoseim (1) u Anjepconom u Jjapmunrom (a 

Oodosnauum W” (x; F) = P {on (F) <x} u PO (Ra 1— 0" ae 
re X,—KopeHb ypapuenun W(x; Fo) =1—a. IlpH ypopue sHauMMOcTH 
PF) ecrb dyHKUMA MOLIHOCTH KpHTepHs (BEPpOATHOCTb OTBEprHyTb THO 
Tesy, eCJIM BepHa allbTepHaTuBa F (x)). | 


O6o03HauuM 
co 


o = | LF) — Fo (x)? ¥ (Fo (x) dFo(*)- (2 
Tycrb dyuKuua (wu), O<u<1, Takosa, uo 6(0) = 8(1) ==) ih. 4, 
\,8?(u) sp (u) du = 1. (3 


0 
Kaacc dyHKunit Buga F(x) = Fo(x) + pq Fo (x)) OyneM Ha3bIBaT 
K aacc [(S(u)]. Benegzctaue (3) a* = nph Jina dyuxuui Fa(x)€[6(u) 


BBegem oGosHayeHua w2 (a), W"”) (x, a) w PY (a) BMecto wn (Fa), Ww (x; Fa 
HePe (PF ,). | 

O6osHayum vepes A; u f;(w) (j= 1, 2,...) CoOcTBeHHEIe 3Ha¥eHHA H COO 
CTBeCHHbIe (PyYHKUMH MHTerpasbHOrO ypaBHeHHA 


1 
f (u) = 2\K (u, 2) f(0) do, 
0 
rye K (u, v) = [min (u, v) —uvJVp(u)V p(v), Ou, v<l. 
_ Apo K (u,v) mosoxuTewbHO oOMpefedeHHoe, BCNeACTBHe wero iy > 
(j=1,2,...); Mbl Gygem cuuTaTb A, >A; Mpu k>j. Kpome Toro, cucte 
‘COOCTBEHHBIX (pyHKuHH {f;(U)} MOxeT ObITb BHIOpaHa OPTOHOPMAPOBaHHO 
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Fi (ut) fa (ut) du = 8. Yepes D(A) o6o3HauuM omnpefemuTenb Dpenronpma 


J 
{HTerPaJIbHOTO ypaBHeHHA. 
§ 2. Mpegnonoxun: 
I. Oyuxonn Fo(x) u 6(u) HempeppiBHet. 
I]. @yaKuna (uw) pO gerne) B JIOOOM eareEar OF Se lg <I 


1 cyuwecTByeT HHTerpas Cu (1 —u) (u)du= (Kw u) du. 
0 0 


1 
Ill. CymectpyeT nyterpas \8 (u) (u) du 


0 
1 


IV. Ina pasnomenusa 5 (u) V wp (u) > Onin (u), THe o, = \ ie (u) 6 (u) x 
=1 0 
< Vp (u) du, Bemonusetca ycnosne Ay aa) 
Teopema 1. [pu eeinoanenuu ycaoceuii I—Il W(x, a) Ora Kando- 
0 a np n->oo carabo cxodumcs K W (x, a) = P {w? (a) < x}, 20e 


a? (a) =| [y (u) + a8 (u)}P>p (W) du, (4) 


(uw), Ou 1, — eayccoeckuti cayuatinoui npoyecc c My (u) = 0, My (u) y (v) = 
=min(u, v)—uv. 

 Teopema 2. /Tpu ycaoeunax I—IV W(x, a) umeem xapaxmepucmu- 
ecKyt0 @YyNKYUIo 


ee itn, OF 
P(E, a) = aoe 2 eae (5) 
OTMeTHM pa3vloxKeHHe, H3 KOTOPOrO Mosyyaetcs (5): 
o* (a) = UGH a +x)", (6) 


’ 
ne {X,}— He3aBHCHMble HOpMavibHO (0,1) pacmpeyeueHHble BeIHUHHBI. 
Teopema 3. ITpu a—oo 


W (x, a) —® (= — -) +0 (7) 


aeHomepHo no x. 3d0ecb D(x) = 


a Vi 
} +s a= (KC u, v) 6(u) 5(v) Vp (u) Vp (v) du dv. (8) 


2% 
\ edt u 
—oo 


fl 
jJloxa3satTeabcrTso. Bennunna § = \ y (u) 6 (u) p (u) du pacnpeyzenena 


OpmasbHo (0, 6). H3 (4) u (3) nonyaum : 

W (x, a) =P {0 (a) <x} =P {o* (0) + 208 +a? <x} = 
i =P{7O + 2<* 54h, (9) 
‘ 
por cuenyert (7). 
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Ha cnpapezupoctb (7) BlepBble yka3as, HCXOM M3 HECKO/IbKO HHbIX 
coo6paxennit, Usmmen (°). ‘ 

1. MoxmHo noKa3aTb, 4YTO MpH KaxKOM x w™ (x, a) —> W (x, a) paBHo- 
MepHO 110 @. . 

2. Us (5) caenyet, sto W(x, a)=W(x,—a); OyyeM cunTaTb nosToMy 
as, oO 

3. Us (6) cneayeT, TO IPH KaxkKoM x >0O dyHKkunsa W (x, a) MOHOTOHHO | 
yOblBaeT (10 a), TaK Kak 9THM CBOLicTBOM OOslafaeT yHKIMA pacmpeneseHHa 
Kaxkqoro 43 CuiaraeMbIx. Orciofa ciefzyeT, uro P, (a) MOHOTOHHO BospacTaeT; 
B uactuoctu P,(a)>P.(0)=%, ecau a>0. Takum o6pasom, @2 eCTb | 
ACHMMITOTHYeCKH HeCMeLIeHHbIM KpHTepHi. 


4. Ws (9) cnenyer, sro mpu seex x una W(x, a<o( ZS), yTO 


jlaeT OWeHKY CHU3Y 2A yHKWMA MOMLHOCTH: 
piece 
P, (a) >1—@| 


co 


5. Us (8) u (3) nOayaum oneHKy 67 = >; a <7. Tenep u3 (10) cvte-| 
k=1 


ae 
yet, uTO wa cemelictBa ambTepHaTuB {F (x)} c orl 
n 


Xq— pp aa 

P,(F)>1—® Gene) 

2Pp Vn } 

paBHOMepHoO JIA BCeX dyHKUMi pacmpenemenus cemelicrsa. B yactuoctH,| 
ecIH TlocnelopaTembHocTh aslbTepHaTuB {F,(x)} TakoBa, 4TO pr, V n— oo, 
TONE (Faire 
6. Tpua<x 


W (x, a) = P (w*(0) + 28 <x —a"} > P {u* (0) << x—a* — 2a | — 
Dap {E> F}>W (xa —2Va, o)—[1—@((7-— V2) Vi) 
WIM pH A< Xe | 


Pig oa 0)—[1— © ((7--V%e Vn) 


Orciona, ecu nocnenopatenbHocTs {F,(x)} TakoBa, 4TO pr, = 0(1/V 1) 
TO Pg (Fn) a. 
7. Ws (5) merko Haxo_aTecn cemuuHBapHaHthl W (x, a): 
n—1 en 2 
fe, (a) = 2" (n— 1)! (> xf 1a aR 


= 


)a2"7(n— VK 1) du - 


+ aa \| Kna(u, 0) 8 (u)d(0) VP) VO) du do), 
rie K,(u, v)—n-a uTepanua agpa K (u, v). 


8. O603HadMM Vp, (Xa) = | a"dP. (a). Tlomp3yacb (5), MoxKHO HaliTH pe 
+o - 
oOpasoBaune Jlannaca OT Vv, (x): 
bes se) a po we eee, OO 0,02 n/2 
Vn(p) =) e-P*vn (x) dx =P (n/2 + 1)? VD (22) ( ¥} 5 35) 
k 
k=1 


) 
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§ 3. UroObl BHIYHCIHTb acCHMlTOTHYeCKyIO 93dpeKTHBHOCTb KPHTepHsA B 
OULeEM CJ1y4ae, MBI HalifleM Jin ceMelicTBa aJbTepHaTHB [6(uw)] acuMnTOTH- 


vw o « 
ieCKH HaHOoOJlee MOLHbIM KpHTepHit un ero dyHKHIO MouLHOCcTH P, (a). Tora, 
* 

cmH P,(a)= P,(a)=1—f6, rye B—3aqanHand oummOKa BTOporo poja, 
(Oo ACHMNTOTHYeCKaAd SppeKTHBHOCTb KpHTepHaA paBHa e = a°?/a?. 

IIpu ycnospuu | 6e3 orpanHHueHua o6mlHOCTH MOxKHO cunTaTb Fo(x) = x, 

=i a 
Pope see orla fal x) 2 yseeel 
n 
Teopema 4. [TI pednoaoscum, umo 6 (u) Oudbpependyupyema u cytmecmeyem 
1 
Lumeepan s* = \ [6’ (u)]}?du. Tozda, ecau F (x) = Fa(x), mo eenuuuna 
0 
4 n 
jad = — OxX; 
t=1 

yacnpedeneHa acumMnNmomuUueCcKU HOpPMAAbHO (as, Ss), U Kpumepuu, OCHOBAK- 
lblli HA CmamucmuKe sees ecmb aCuUMNMOMmuUYeCcKU HAauUOONee MOLYHOLU KpUume- 
uti OAR NposepKu eunomesur F (x) = x npomue aaomepramueet F (x) = Fa (x). 

TowxasateabcrBo. Tax kak T” ecrb cyMMa He3aBHCHMbIX OJMHa- 


‘OBO pacipeesIeHHbIX CJlaraeMbIX, TO MepBpoe ‘YTBepxXeHHe TNoyyaetcs 
[eMOCPeACTBCHHO H3 WeHTPasbHOM MpelesbHOH Teopembl. Bropoe yrBepxKje- 


ive CulehyeT U3 TOTO, TO KpuTepuli T  acuMMTOTH4ecKH 9SKBHBaJeHTeH 


n 


PHTepHi0, OCHOBAHHOMY Ha OTHOLIeHHH NpaBsonopzobus >) In ! te 78 (| 


O6o3sHauHM Yepes Z, KOPeHb ypaBHeHun |1—@W(z)=a, DynKuusa mou- 
joctu Kputepua T") papua acummTotuyecku @ (|a|s — z,). Tlomp3yacb (10), 
lOJ1YYHM 

ap Zp, 


S (oz, + V oz? + x, ) ' 


ES 


Hanpumep, Wa KputepHa c p= 1 mpm runotese M(x) nu anbrepHaTu- 


ax D(x —p) u O(75) apeKTHBHOCTH (€, H €9 COOTBETCTBEHHO) OyAyT: 
Sie Oo 6, S0i0d, é5 0,18; npw «= BB ='0,01 *e, > 0/56, 
yr aig > = 0,001" ee, 0,58, es > 0,21. ; 


MaremaTuueckult wHcTHTyT uM. B. A. CreksoBa Tloctynusio 
Axkajlemnu HaykK CCCP 17 XII 1960 
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diy 


Jloxazagm Aragemun nayr CCCP 
1961. Tom 138, Ne 2 


PHAPOMEX AHHKA 


H. H. KOUWHHA u H. C. MEJIBHHKOBA 


O CBOHMCTBAX PEWEHHS SAWAUH O TOUEUHOM B3PbIBE 
B CKHMAEMBIX CPE]AX 


(IT pedcmaeaeno akademukom JI. H. Cedoetim 15 XII 1960) 


Sayaua O CHJIbHOM B3PbIBe B HeabHOM Tase Opiia peuiena JI. 1. Ce- 
TOBEIM (1). HeapromojesbHad 3aa4a O TOUCYHOM B3pbIBe B HeaJIbHOM ase pac- 
CMATPHBaslacb pAOM aBToposB (77°). Sayqaua O CHJIbHOM TOYCUHOM B3PbIBe B 
VJeaJIbHOH C¥KHMAeMOH Cpese paccmaTpuBaslachb H. H. Kounnon u H. C. Menps- 
HHKOBOH (°), a Takxe IO, JI. Akumospm (2°), HeaBTOMOJeIbHaA 3aaya O TO- 
yeuHoM B3ppiBe— H.-H. Kounnon (7,8). Upegcrapnaer wuTepec uccmeqoBa- 
HH€ 3aBHCMMOCTH peUIeHHA 3aauH O B3pbIBe B HeaIbHOH AByxmapameTpuue- 
CKOH cpeye OT 9HeprHu B3pHIBa Eo, OT HaYaIbHOTO JaBeHHA pi M OT HavabHO! 
IIJIOTHOCTH pi, MpH STOM BaxKHO BbIACHHTh pa3JIMUHbIe CydaH, KOTAa MO*KHO | 
M€peCUHTHIBATh PelileHHe, HalieHHoe JIA OMpeeeHHEIX 3HAYeHHH mMapaMerT-_ 
poB Fo, pi, pi, Ha Apyrve 3HayeHMaA 9HeEprHH B3pbIBa Eo U Apyrve HayaJIbHEIe | 
MapaMeTpbl pi H pi *. DTOMY BONpocy HM aCMMMTOTHYeCKOMY MOBeseHHIO pellie- 
HMM MOCBAIeHa HAaCTOMMad CTaTbsa. 

BHYTpeHHIOIO SHEPrHio Kak (PYHKUMIO JaBeHUA HM MOTHOCTH m1060H umeab-| 
HOH JByXMapaMeTpwyecKOH cpebI Bcerfa MOKHO MpeAcTaBHTb B BHse 


* % * * * 
p (2, p Py Po Pr Py Po rm) 

& = —@(— , —, ty oy ty 1} 

(p, p) p ® pi’ P1 P1 ? Pi ? Pi >) Pi ? Py ? +) b] ( ) 


re @— 6espa3smepHasa yHKuusa CBOHX aPryMeHTOB; 1, P, — Ha¥aJibubie 


JlaBJICHHe HM MOTHOCTb Cpelbl; p; HP; —HeKOTOpble cbusH¥eCcKHe MOcTOSE- 
Hble C Ppa3sMepHOCTHIO WaBseHHA wu NoTHOCTH. IIpencraBmenue (1) BepHo AA 
MHOTHX CJIO%KHBIX OOPATHMbIX TIPOWeccoB, H, B YaCTHOCTH, KOFla HMeeT MECTO! 
WMcCOMMaluA, HOHH3aAlHA UNH Ga3s0Bble Nepexospl. 

YpaBHeHHA OHOMepHOrO afMaOaTHYeCKOrO HeyCTaHOBHBIUUeroca ABHxKe 
HHA WleasbHO cpeybl HMeIOT BUA 


dv tdpme ae pu 
hye opel 
af v5 aise at oF ince 
0g p\dp , 0s i 
(nya ai —° & 


rye U—cKopoctp; t—BpemMa; f— 93inepoBa KOOpf~MHaTa; v= 1 aA M0 
CKHX, V=2 JIA WMIMHApMueckux, Vv=3 AA cihepuyeckux BOJH. Pasmep 
HbI€ KOHCTAHTbI MOFyT BXOJMTb B (2) TOMBKO yepes (1), a TakKxKe B HadaJIbHbIe 
rpaHM4Hble ycJIOBHA. 

YcuOBuA Ha YyapHOli BOmHe, pacnpocTpaHstomelica nO HeBOsMYyULeHHO! 
cpege (v; = 0), sanuutytca cekyiouluM OO6pa30M: 


— pic = po (v2—C), pyc? + pr = Pe (V2 — C)? -F Pas E- 


&2 — &, = "/9 (pa + pe) (1/p1 — 1/P2) (3 
(uHJeKCOM 2 OTMeYeHbI BEMYHHbI Ha PPOHTe yapHOH BOJHEI). 
* Cyleyiome HWKe BHIBOLL He OBWIH COpMYyMPOBaHLI H HCHOM_3OBAaHI B OOULeM CJlytale 


WIA CHKHMAeMBIX Cpen. CymlecTByr1ollHe B STHX BOMpOCaX HEACHOCTH HepeAKO NPHBOAMVIK K OM 
OOUHLIM yTBepxKeHHAM. 
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Ecuim pelleHve NpososxKHMO TO MeHTpa B3pbIBa, TO YyCJIOBHe B IeHTpe 
MeeT BHI * 


v(0, t)=0. (4) 
Cuctema OM pexesAIOWUX NTapaMeTpOB JH 3anqauyH O TOYCYHOM B3 PbIBE 
WjeaIbHOH JByXnapaMetpuyeckoli cpefe NpelcTaBuTcA BeNHYHHAaMH 
* * * * * co 
r, an Eo, Pr, Pry Vv, Pi, P2, ape ety Pn; Pi, Po, +++, Pm» (5) 


he Eo — 3HEPIHsa, BbITeIAIOMaHCA B ILCHTpe CHMMeETPHH B MOMEHT B3PpbIBa. 
[3 STHX MapaMeTPOB MOKHO COCTABHThb CJIeyIOWlHe Oe3pa3MepHbie KOMOHHAILUH: 
* * * a * 


t PrP Der By ee p 
l = if t= \ at 2 ne n Ls he ale PR. ht 6 
ig 2 fs ts ’ pr ? Pi ’ r) pi ? 01 ? Py ? » P41 ( ) 
1/ 1/v 4), — 2)/2 
ro = (Eo/p1) ern Eo Oy Py ee (7) 


Bmecto Oe3pa3MepHbIx NepeMeHHBIX NapaMeTpos / UT, yKa3aHHbIxX B TaOwuLe 
9), MOXKHO OpaTb SKBHBAJICHTHbIe UM OespasMepHble TepeMeHHbIe NapaMerpbl 
Hq B Bure 

N=t/t,, g= a/c, | (8) 
Je 2; —CKOPOCTb 3ByKa B HEBO3SMYLICHHOH cpeyle, r2— payuyc ymapHon 
OJIHbI, C — CKOPOCTb yapHOH BOJIHBI. 


CrefyeT OTMeETHTb, UTO CCIM BHYTPeHHAA SHEpruaA — IMHeHHan yHKUNA. 
aBJICHH A 


e(p, p) = ‘ [Pp (R) + A(R)] (R=, p=+), (9) 


D, / 
1 af 
3 ycNOBHH (3) NomyyHM 3aBucuMocTH P>, f; H g OT Ry B ABHOM BHJe: 


2. py A (Ri) — A (Ra) + Pilg (Ri) — @ (Ra) + 41/Re— 1/Ri) ep ceal Regi (10): 


Hitt (x @ (Re) — ¥s (1/Ri — 1/R2) Re 
BA RYRs) (Ral (Ra) + A2Ra— Hed fp _ Pag _ 
Py [@ (Ri) — 9 (Ra)] + A (Ri)—A(Re) + Pi (1/Ri — 1/Re) \ Dye Cy 


Bee Oespa3MepHble (byHKUHH, onpesesnioulMe JBYKeHHe BO3MYLLCHHO!H 
pefbl, MOryT 3aBHceTb TOJIbKO OT JBYX He3aBHCHMbIX Oespa3sMepHbIx Tepe- 
[eHHBIX / Ht (HM A M q) M OT OTBJICUCHHBIX NOCTOAHHBIX MapaMeTPoB. 


) Di/ Pa; D/P, eng Pn/ Pas p1/Pis P2/Pry wees Pin/Pr- 
Wis paccmotpenua tTa6mMubl Oespa3sMepHbIx mapametpos (6)—(8), oT 


OTOPbIX 3ABHCHT Oespa3MepHoe pelllenHe 3afa4uH, ACHO, 4TO OT SHEprHu 
SpbIBa PellleHHe 3aBHCHT TOJbKO uepes TepemeHHbIe / HT (HIM A HQ). 
JIeLOBATebHO, HMeA pellleHHe 3afauH [JIN KOHKPeTHOM HavalbHOH SHeprHuy 


spina Ey”, MoxKHO TepecuuTaTb ero Ha’ JOOyIO SHeEpruio B3pEIBa Ee pu: 
eM JlJIX TOTO, uTOOLI GOespa3MepHbIe TepeMeHHbIe OCTAJIMCb IIpe%KHHMH, 
yYXKHO flepecuHTbiBaTb ¢ u ft, a TakxKe BCe BeJIHYHMHbI C Pa3MePHOCTHIO 
JMHbI H BpeMeHH NO dopMy.iam 


: (1) \1/¥ 4(1) 

PK (EQ IES Yr, t9 = (EVER Yee, (11) 
ne 7 w ¢ —xKoopyuHaTbl, cooTBeTcTByIONIHe SHaveHHIO SHepruu B3pHIBa 
., ar® uw ¢® —snauenmio E®. [pn taxom mepecuere c ofHoi sHeprun 


( ua apyryio E® wer neoOxo_MmocTH TepecuuTBIBaTh 3aHOBO G6e3pasmep- 
ble XapaKTePpHCTHKH JBYXKeHHA, HX WOCTATOYHO COCUHTATb TOJIbKO OHH pas. 
(8 BHJa BHYTpeHHeli 9Hepruu (1) u SespasMepHEIxX Mapamerpos (6) culegyer, 
TO MapaMeTpbI Pp, H Pp, BXOAAT He TOKO B BbIpawkeHHA Qua 1 ut (uM A 
q), HO WM B Apyrve MapaMerpbI, OT KOTOPbIX 3aBHCHT TOJbKO PYHKUMA @. 
TH llapaMeTpbl He BXOMAT B BbIpawKeHve A GyHKUMH @ TOJIbKO B TOM 


fydae, Kora PyHKINA @ CBOAUTCA K MOCTOAHHOHM, T. e€. paccMaTpHBaemaa 


i * Ecru pemleHHe NOJlyuaeTcA Cc MOMOCTHIO, TO Ha TpaHHile MOJIOCTH HMeeT MECTO aHaJloruu- 


: yCAOBHe JIA WaBJIeHHA. 
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allt 


cpefa mpefctapiseT coOoH HealbHblii ra3. B 9ToM cmyyae pelieHve 3afaun, 


MOJYYeHHOe {isi KOHKPeTHbIX 3HaveHHii HayanbHbIxX napamerpos EW, p™, 


o\) moxerT ObITb MepecunTaHo Ha Ju0ObIe HayasbHble Napamerppr EY, p®, p? 


‘COOTBETCTBYIOUIHM TiepecueTOM 7 H 0 copmyviaM: 


ie (EP pe iE™ ea uals wy | 


t?) = (BOVE ye (ps oy ise agree (02/0) "*. t™, (12) ' 


rye r® nu ¢@) coorpercTByI0T SHayeHHAM HavaUbHBIX TapaMeTpoB EM alt 
up, a 7® w ¢2)—s3nauenuam El, p® u p® (2). 
* 
p, a 
Ec BHYTPeHHAA SHEPrusA Cpembl NpewcTaBHMa B Bue & = AG 
1 Reet 
Po Pm 


r4 


Aw aac TO pelleHHe 3afadH, NOJIYYEHHOe JIS KOHKPeTHbIX 3HayeHnit | 


pr’ 
napamerpos Ey’, pi”, MoxHO MepecuutaTh Ha miodnie Ey”, pi”, mpennosa-| 


ra, uTO TlapaMeTp p, He H3MeHsetTcH. I]pH 9TOM HepeMeHHbie r u ¢ Nepe- 


CUHTBIBaIOTCA 110 d@opMysiam (12), B KOTOpbIX caeyeT MonoxKuTD pl? = pl”. 


AnajOrH4qHo, ecJM BHYTPeHHAA SHEPrusi Cpebl mpesxcTaBMMa B BHye 


p { p D, Do pe 
c= 5 Ol yao =e TO peulenHe saqadH gus KOHKpeTHBIX 
shaven napamerpos E}”, p moxHO mMepecuuTaTb Ha mobile 3HaueHHsl 
EY, pi,  coorpetcrseH#Ho epecuvTaB or Hu ¢ no opmysamg 


(12), B  KOTOpBIX cCJleqyeT MOJOKUT po = p®. OTHOCHTeJIbHO 6e3-+F 


pa3sMepHoro TapamMetpa V TaKHX COOOpaxKeHHii BbICKa3aTb HeMb3H, CeMOBa-p 
T@JIbHO, JIA KaXKMOrO HW3 TpeX 3HaYeHHH v BCerfa HYKHO MPOBOJHTh 
COOTBETCTBYIOMLHH pacer. 
EcuiM paccMaTpHBaeTCH HeTOYCUHLIM B3pbIB, TO K OMpefeAIOMMM Mapa- 

* o 
MeTpaM (5) CJleyeT MpHCOeAMHUTb MapaMeTp fo — HavaJIbHbI pasuyc mpo} 


* * 5 
JYKTOB B3PbIBa C Pa3MEPHOCTbIO JWIMHbI H MOCTOAHHbIe p;, pj (1 +1 Ci<k} 
m + - 1<j<s), XapakTepH3ylollve CBOHCTBa B3pbIBYATOTO BeulecTBa. Ta6mnep 


* 
eULr t ro Py Ps Pr Ce Ps Ps 
Leta ta Tee rah aba rina.” Pie Gas eo Namco Orplnmmmarin ge 


rie fo Ht, ompenenstotca dbopmysamu (7). W3 tTa6nuus (13) BuAHO, 4T¢ 


MO?KEH, Tak KaK SHEPruaA Eo BXOMHT He TOJIBKO B BbiIparKeHHe JIA Napali, 


% 
MeTpop / u t (umM A Hg), HO HW B BbIpawkenve NapaMetpa 7)/ro. Tlepecuey 
BO3MOXKeH TOJIbKO B TOM Cilyyae, KOr{a OMHOBPeMeHHO C H3MeHeHHeM SHEP 


HH B3pbIBa H3MeHHeTCA HauvaJIbHbIM Mapamerp rh IIpHueM Tak, YTO NapamMeT 
ro/fo OCTAeTCH Hev3MeHHBIM, T. €. HMeeT MeCTO dopmyuia 


ro” = (E° ae ae *(1) (14 

IIpu 9Tom Bce Pern napaMerTpH, BxOLAULHE B TaOuHy (13), 2omKHE 
OCTaBaTbCA HEH3MCHHbIMH. TaKHM OOpa30M, HauaJIbHble MJIOTHOCTb HW aByeH 
He JOJQKHbI MCHATHCA, H3MeCHACTCH TOJIbKO BeEMMUHHA 7), OllpeseNAIoNad pasme 


B3PbIBUaTOFO BelIleCTBa. | 
B cratne (1) Brode’a yrBepxaeTca, 4YTO WJIA paCCMOTpeHHOM aBTOpOM 3a 


OT OMHUX 3Ha4yeHHH 9HEPrHH B3PbIBA, HAYAIbHOFO MaBJICHHA H pa3sMepOB B3pPbI 
uaTOrO BellecTBa K APyYPMM 3Ha4eHHAM 3THX BeMMYHH. OKka3bIBaeTCA, 4TO BOY 
MOXKEH TlepecdeT K HOBbIM 3HAYeCHHSM SHEPIHH B3ppIBa Lo AMUIb B TOM cJly4at 
Kora pajMyc B3pbIBUaTOTO BellleCTBAa H3MeHAeTCA 110 3aKOHY (14). Tlepecuel, 
K HOBbIM 3Ha4eCHHSIM Ha4aJIbHOrO JaBJIeHHA Pi JIA BHYTPeHHeH SHEPrHH, HCHO hy 
3yeMOH B CTaTbe, BOOOIIe HEBOSMOXKeH. | 
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QroOpl NOJYYATE*NOHY!O KApTHHY JBHOKCHHA, HY2KHO MpoOBecTM pacuer WA 
OJIbUIMX MOMeHTOB BpemeHH. Ja STOTO MOXKHO MOb30BaTbCA ACHMMTOTHYe- 
KUMH opmMyamMu. Ec u3 pacueTa KOHKpeTHOM 3aagH O TOUCUHOM B3pbIBe 
JewyeT, TO vid OOJIbUIMX MOMEHTOB BpeMeHH ¢ CKOpOCTb yapHOH BOMHBI Cc 
JIM3Ka K CKOPOCTH 3ByKa B HEBOSMYLLCHHOM cCpese a1, TO MOKHO MOMb3OBaTLCA 
BYKOBOH ACHMINTOTHKOH re = art. 

JjapneHue Ha (PpoHTe yAapHO BOJIHbI 3aBUCHT OT panayes yapHolt BOJIHBI 
AeLYIOUHM OOpa3som: p2/pi = f(re/ro); p2/p1 = f(ar (e1/p1)2 t/to). Ananorus- 
[ble (POPMYVJIbI MO*KHO BHINMCAaTH WIA OeSpa3MepHbIX BeEM4YMH CKOPOCTH HM MJIOT- 
[OCTH. 

BpiBeqeM YCJIOBHA, HaKalpIBaeMble Ha Cpesbl, AIA KOTOPbIX pH TOUeUHOM 
SBpbIBe, HAYMHAA C HEKOTOPOTO MOMeHTA BPeMeHH, JBMXKeHHe BO BCel BOSMY- 
HeHHOH OOJIACTH, 34 MCKMIOUCHHEM HEKOTOPOH OKPeCTHOCTH yapHOl BOMHEI, 
fOXKHO AlNPOKCHMHPOBaTb JBUXKeCHHEM HeCKHMAeCMOM XKUAKOCTH (p = po). 
A3 TpeTbero ypaBHeHHA cHcTembI (2) ACHO, 4YTO B cilygae HeECKUMAeMOH X*KHI- 
(OCTH HMe€e€M PaBeHCTBO 


de (p, Po)/Op = 9. (15) 
OTMeTHM, 4TO eCJIH PYHKUNA & (p, p) BOMH3H 3Ha4eHHA p = po HMeeT BU 
€(p, p) = — p/p +f (p), (16) 


‘0 paBeucTBo (15) BooOmle He BuleyeT 3a COGOM paBeHCTBa p = po. 

Ecaim B paccMaTpHBaemMoH cpefe MOXKHO CUHTATbBEIMOJHCHHBIM ypaBHeHHe 
15) (a ypaBHenue (16) He BhITlomHAeTCA), TO B Cyuae, Kora pellieHue momyuaer- 
A C MOJOCTbIO, B KaYeCTBeE ACHMITOTHKH MOXKHO B3ATb pellleHHe 3afaqu oO TO- 
[(eYHOM B3pbIBe B HeCKUMaeMOM *KuAKOCTH (1); ECM me pelleHHe TOXOAUT To 
[eHTpa CHMMeTPHH, ACHMMTOTHKY MOKHO B3ATb B BHe 


v—U,) p=Pp, p=**i). (17) 
Bu, PyHKWAA ap(¢) ompesesaeTcA H3 pellieHHaA 3ayjauH. 

B cratpe (°) B KavecTBe lipuMepa paccmoTpeH CHJIbHbIM TOUCUHBIM B3PbIB B 
pele C BHYTpeHHeli 9HeprveH Bua e(p, p) =p(p — po)/2p?. V3 mpuBesen- 
ibIX TpacdbHKOB Oespa3MepHbIX XapaKTepHcTHK v/v2, p/p2 HM p/pe B yHKMH d 
3MHO, UTO CXKMMAEMOCTH CYIMIECTBCHHA TOJIbKO BOJIH3H yapHOH BOJIHBI; BOTH3u 
JOMIOCTH 2KHIKOCTh BefeT ceOA KAK HecaKUMMaemasd. IIpu sTOM AA pga 3HaUe- 
iMM HauasbHoro Mapametpa R, = p,/py aCHMIITOTHYeCKHe (POPMYVIbI HMeIOT BULL 
17), a AA pala — BU, COOTBETCTBYIOUIMH pPeUIeCHHIO aBTOMOJeIbHOH 3afauu 
) TOUCUHOM B3PbIBe B HEC2KHMAeMOH XKHAKOCTH (’). 

Ec JBYxKeHHe ABTOMOJeJIbHO, T. €. BHYTPCHHIOIO SHEPrHio MOKHO pe- 
STaBUTb B Bue &(p, p) = p~(o/po)/po, TO ycuoBue (16) 3anMueTca CenyIOUlM 
90pa3om: 


@ (P/Po) = (P — Po)/P- (18) 


B craTbe (°) oTmeyeHo, 4To Aa byHKuMA @ (p/po) Buga (18) penteHue 3aza- 
HM HEJIb3A ANMPOKCHMHMPoOBaTh PellieHHeM [JIA HEC2KAMAeMOM 2XKUKOCTH. 


MarematuueckuH uHcTHTyT uM. B. A. CrekloBa Tloctynuio 
Akafemuu Hayk CCCP 3 XII 1960 
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Horszagn Akagemun nayx CCCP 
1961. Tom 138, Ne 2 


PHSHKA 


tO. A. TOJIb®AHT : 


TPEXMEPHOE PEJIATHBUCTCKOE YPABHEHHE WIPEAMHFEPA 
WIA 3AQAUM ABYX TE 


(IT pedcmasaexo axademurom H. E. Tammom 13 I 1961) 


_ Llenbio padorel ABIMeTCA PeIATHBUCTCKCe OCGOOuIeHHe ypaBHeHua LI pequn- 
pa 6e3 YBeIMYeHHA UMCIa HesaBHCHMbIX IlepeMeHHbIX — B 9TOM OCHOBHOe 
TIMuve MONYYeHHOrO ypaBHeHHA OT M3BeCTHOTO ypaBHeHHa Bete — Cavib- 
etepa (1). Ypaspuenue Ilpeyqunrepa mb Gyfem cTpoHTb B MpesctTaBeHuH 
kopocteH. [log cHMBOWIaMM U,W, .. . MbIOyJeM NOHHMATb BeKTOpbI 4-cKOpocTH. 
KaJiapHoe MpOu3BeseHHe BeKTOPOB 3aMHCbIBaeTCA B BUC UW = UpWo — VW. 
ce BEKTOPbI 4-cKOpOCTH yAOBMeETBOPAIOT COOTHOWeHHIO Bua v* = 1. Tpo- 
[paHcTBO CKOpOcTeli HHBapHaHTHO OTHOCHTeIbHO npeocOpasoBaHHH Jlopentia, 
.€. ABJIACTCA PeJIATHBUCTCKHM OObeKTOM. C reomeTpH4ecKOM TOUKH 3peHHA 
POCTPaHCTBO CKOpOCTeH MOXKHO pacCMaTPHBAaTb KaK TPEXMePHOe MpOcTpaHcTBO 
lo6auescKoro, mpuuem rpynna JlopenTua ABIAeTCA Tpynnolk ABwKeHHH 3TOTO 
poctpauctsa (*). Muaue ropops, JlopeHTu-HHBapHaHTHble BeEHUMHbI, COCTAaB- 
€HHbI€ H3 CKOPOCTeH, ABJIAIOTCA TEOMETPHYeCKHMU BeJIHYHHAaMA TWpocTpaHcTBa 
lo6ayesckoro. B 3To CBA3H MOMKHO (HECKOJIbKO CXeMaTH¥eCKH) YyTBepxLaTb, 
TO Tepexof OT KJIaccH4YeCKOH MeXaHHKH K Me€XaHHKe PeJIATMBHCTCKOM COCTOHT 
-3aMeHe SBKJIMJOBOH reomMeTpHH reometpHei JloOayeBcKoro B mpocTpaHcTBe 
KopocteH. Hanwune 9sTOoH reoMeTpHWyeckol MapasieiH BeCbMa Noe3HO. nipH 
ONOCTABJICHHH COOTBETCTBYIOWWMX PeJIATHBUCTCKUX WM HePeMATMBUCTCKUX M0- 
iaTHHi. Merpuka B mpocTpaHcTBe CKOpocTeli BBOJMTCA CeyIOUl4M OOpasom. 
icIH (HESBKJIHAOBO) paccTOAHHe MEXKLY ABYMA TOUKAMH Vi UM V2 P4BHO S, TO BbI- 
ONHAIOTCH COOTHOLICHHA 


chs = 010s; (1) 


4 sh? > = — (v, — 02)”. (2) 


@u3svyeckKWii CMBICI HeSBKJHAOBOli Me€TPHKH OOHapyxXMBAeTCA 13 COOT- 
omens (*) 


4 


th s = Vorn, (3) 
ne Vorn — OTHOCHTEIbHAA CKOPOCTb ABYX ACTH, HMelOWMxX B AaHHOH cHc- 
eme OTCYeTA CKOPOCTH 0; H Up. 

PaccMoTpHM 3ayauy O B3aMMOfelCTBHH JByX OecCIWHOBbIX YaCTHIL C Mac- 
aM m, HM ms. B BblIOpaHHOM MpecTaBJIeHHH CHCTeMa OMHebIBAeTCH BOJIHO- 
OW yHKuHel pp (v;, v2). BMecto cKopocteli v; H V2 yhoOno BBeeTH eKOpeECTH 


1'U W, ONpeeJIeHHble PaBeHCTBaMHu 


- mes m3 4: 4 
| OS eu ig??? ( ) 
7: Me m, + 2m chs 
{ wWv= — mM, ++ — M, V2, (5) 


6 
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rye : 
My = My (s) = V me ain, + Yin mn, cis (6 
Chis = 07 Ua == cw. (7) 


P :nencTso (7) o3HauaeT, YTO «paccTOHHHe» MEXKLY VU H W paBHO «paccTOAHHI0? 
M@xKTY vi H v2. MoxkKHO M0Ka3aTb, 4TO OTPe3OK (reosesH4eCcKOH JIMHHM) vw m0: 
WydeH B pesyJibTaTe NAapaJJIeIbHOrO WepeHoca OTpe3Ka V1V2. 

CkopocTb v, NO ompeleieHHtO, Ha3OBEM CKOPOCTbIO WeHTpa MaCC CHCTeMbI 
SameTUM, 4UTO CKOPOCTb WeHTpa Macc ONpeseeHa YMCTO KHHEMATHYECKHM ILyTeN 
HM He 3aBHCHT OT XapakTepa B3aHMOseHCTBHA MexKAy YacTHWaMH. CKopoctTp w, 
Kak 9TO OyfeT ACHO H3 Jla/ibHeiuero, HrpaeT pOMb OTHOCHTeJIbHOH CKOPOCTH. 
na onucaHua B3auMOseHcTBHA, T. €. MHAMHKH CHCTeMEI, HEOOXOAMM oMepaTor 
39HeEprHH — MMMyJIbCa, KOTOPbIM MbI OMpeeJIMM paBeHCTBOM 


Syecb Up, —CKOpocTb WeHTpa macc (4), a M—onepatop nowHow Macchi cHc- 
Tembl. Onepatop M ~ fouKeH YyOBJeTBOpATb CueMyIOulLUM TpeOoBaHHaAM: 


1) M asnsetca peaaTHBucTCKUM HHBapHaHToM; 2) M KOMMYTHpyeT C BeKTO- 
poM CKOpocTH WeHTpa Macc. TpeOopaHue 2) cneqyer M3 Toro akTa, 4TO B 
P€JITHBHCTCKOH TeOPHH CKOpOCcTbh WeHTpa Macc OJDKHa ObITb KOHCTAHTO!! 
apwxKeHun. Baarofapa sToMy TpeOoBaHHio onpefemenue (8) cTaHOBHTCA He- 
TIPOTHBOPeuHBBIM, A CKOPOCTb WeHTpa Macc (4) mpHoOperaer cusnueckuh 
CMBICJI. . 

Ilo aHajlorHH C HepeIATHBUCTCKOH TeopHeH OyfeM HCKaTb omepaTop 


M B Bue 
M= Mo'+ U, 
rye nomHasYmacca «cBOOOAHbIX» YacTH “My, 3ajaHa paBeHcrBoM (6). B Ka- 


YVECTBE U MOXHO B3ATb HHTer pa JIbHbIM onepaTop, Apo } KoToporo 3aBHCH] 


OT OTHOCHTeAHBIX cKOpoctefi. J\na KOHKpeTHoro nocTpoeHua onepatopa U 
YHOOHO IipefcTaBuTb BeKTOp w B BHse | 


w=vchs+zshs, (9) 

re BeKTOP 2 YMOBJeTBOpHeT COOTHOMIeHHAM 
(Opp Ya | {(10) 
=| 


Jlerko BHyeTb, UTO Takoe MpefcTaBeHve efuHcTBeHHO. MuoxecTBo Bcex 
BEKTOPOB 2, YMOBJIETBOPAIOUIAX COOTHOLICHUAM (10), reomerpuyecKu 9KBHBAa- 
NeHTHO SBKNMLOBOH eqMHMIHOL ccepe.| 


Apo onepatopa 0) 3aBHCHT OT [[BYX BeKTOPOB W H w’. Ilo aHanoruu 
> (9) MoxkKHO TIpefcTaBuTb w’ B Buse 


. w’ =vchs’ + 2’shs’. (11) 
Bextop v B dopmystax (9) uw (11) ofuH u ToT xe, NOCKONbKY U sABUAeT~ 


ef KOHCTAaHTOH ABHxKeHHA. PaccMOTpuM TpeyrosbHHK wow’. Ecau 5 — AutHHa 
CTOPOHBE ww", TO, corjacHo (1), (9) u (11), 


his = ww'{= ch’s-chs’ —shs-shs’-cosa, (12) 


Yepes a oOosnayen / wow’. Ouesuguo, cosa = — zz’. Ucnompaya cbopMyuly 
(2), mpeactapum coorHomenne (12) B Bugze 


i 4 sh? > = —(w—w'). (13) 
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B HepesIATHBUCTCKOM Mpegene (s, s’<1), corslacHo (3), Uorn = S. IIpu 


TOM BbIpaxkenne (13) OKa3bIBaeTCH PaBHbIM (v ayy rye Va Ba 
HaveHHs TPpeXMEPHOH OTHOCHTeJIbHOH CkKOopocTu. Orcioqa BHHO, 4TO BewH- 
nua (13) sapasetcn NOAXOMSMLMM PeJATHBUCTCKMM ana/IOrOM JIA apryMeHTa 


ipa onepatopa U. Ypapnenue ana w- (PyHKUHM OTHOCUTebHOrO}ABYKeHHA 
) (Ww) =p (Ss, Z) MOXKHO 3anHcaTb B BuZe ! 


\ ‘ 
itp = "Mo (s) (8, 2),+ |U (4 sh? S) p(s’, 2’) sh?s'ds'dQ "My (s, 2. (14) 
lech M’ — co6cTBeHHoe 3HaueHHe MOMHOM mMaccbI, a BemuunHa sh?s’ds'dQ — 
JI@MeHT OObeMa MIpOCTpaHcTBa CKOpocTeli B MepeMeHHIX s’ u 2’. Ypapnenne (14) 
JLOBJIETBOPHeT BCeEM TOCTABJICHHBIM TpeOoBaHuam. Ero cieKTp MOET ObITB 
ak fMcKpeTHpim (M’ < mi + me), Tak M HenpeppiBHbiImM (M’ > sm: + me). 
} HEPeJIATHBHCTCKOM Iipeyesie ypaBHenue (14) nepexoguT B CooTBeTcreywiullee 
epesIATHBHCTcKoe ypaBHeHue Ulpequnrepa, onucplBatolllee OTHOCHTeIbHOe JBU- 
KeHMe JBYX YaCTHIL B V-mpescTaBeHuu. M3 Bugza ypaBHenusa (14) acHo, uro ero 
HYTPCHHAA CHMMETPHA COOTBETCTBYeT TPVINe TpeXMePpHHIX BpallleHHl (B MMpo- 
TpaHcTBe BeKTOpoB 2). Ilostomy pemieHua ypaBHeHua (14) MoKHO Knaccudunu- 
OBaTb M0 COOCTBeCHHEIM 3HayeHHaMm Maccbl M’ u nomHoro Momeuta L B cucTeme 
eHTpa Macc (cmMHa), YTO BOHe corsacyeTca c COE TeopHel HeNpHBOAMMBIX 
pedcTaBseHHi nomHoH rpynre Jlopextua, pasBuTol IO. M. IJupoxKosnm (%). 
B sakslioueHve OTMeTHM, UTO ypaBHeHHe (14) ABIseCTCA JIHIIb OJHUM H3 MpH- 
[EPpOB, WJIJIOCTPHPYIOWIMX HAaMeYeHHBIH 3fecb NYTb peJIATHBUCTCKOrO O6oOuIe- 
MA KBaHTOBOM MexaHHKH. JlabHelulee pasBuTHe STOFO HaNpaBJIeHHA OJKHO 
PpHBecTH K CXeme CTOJb 2%Ke OOMleH, KaK H KBAHTOBAaA TeOpHaA TOA. 


@My3nuecKHH HHCTHTYT uM. IT. H. JleGenena Toctynuo 
Axkayemun HayK CCCP 27 XII 1960 
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Jloxnnaym AxkagemMun nayr CCCP 
1961. Tom 138, Ns 2 


PHZSHKA 


K. B. LIAJIMMOBA, T. C. TPABHHA u P. P. PE3BbIA 


O ®OTOMPOBOAMUMOCTH NOJIMKPHCTAJIJIMUECKHX CJIOEB 
CY JIbPHAA KAXMHA 


(ITpedcemaeaeno axademuxom B. H. Koxdpambesoim 26 XII 1960) 


B HacTosnlee BpeMsaA CyIb@uA KAMA MpMBJeKaeT K ceOe OOIbUIOH HHTepec 
B CBA3H C ero OrpoMHOM cpoTouyBCTBUTeIbHOCTHIO. McceqoBaHuaAm POTOMpoBo- 
JMMOCTH Ha MOHOKpHcTasmax CdS nocBxaleHbl! MHOrouHceHHbIe padotsi (1-8). 
OjHako CheKTpaJIbHbIM 1 Hala30H B HHX OFPpaHH4HBaJIM B OCHOBHOM BHJLMMOIi 00-| 
jlacTbio cnekTpa. PoTossekTpHyeckHe 2Ke CBOHCTBA TIJIeHOK Cybpuya Kaus 
ONMCaHbl TOIbKO B HECKOJIbKHX KOPOTKHX cooOmeHHax (°-), B KOTOPBIX: 
U31arajotcd TaKKE pesyJIbTAaTbl [Jin BALMMOM 4acTH cieKTpa. | 

Mobi nocTaBHIH Tepes coOoH saqaay HCcelOBaHHA oTOMpOBOsMMOCTH M0- 
JIMKPHCTaIM4eCKUX cyloeB CdS B WIMpOKoM AHala30He JJIHH BOuH Bossy ei 
ulero CBeTa B 3€BUCHMOCTH OT TeXHOJOFHYeCKHX YCJIOBHH MpHroTOBJIeHHA 00- 
pasnos. B Halem cyuae cIOM Towyyaiuch UcMapeHvemM MopouikKa cysbpusa 
KaAMHsA Ha W30JMpy!Ouly!o MosomwKY (cTeKIO, KBapll) B BakKyyMe IIpH jaB- 
sieHuu 5-10-° mM prt. cT., a TakxKe B aTMocdepe aproHa H CepHucTorO BOO- 
poya mpv JaBsenuax 1,0—0,5 mm pr. cr. Ilo ycsioBuam onbita NO_IOKKY MOXK- 
HO ObLIO HarpeBaTb OT KOMHATHOM TemMepaTyppht Wo 550°. Tlnenku nanpia- 
Jucb To HHOK ot 2-10-® no 2-10-* cm. B mpouecce paOoThl Obim0 u3ro- 
TOBJeHO Oosee 600 o6pasoB. | 

MccneqopaHva CHeKTpasIbHbIX KPHBbIX (OTOTOKA MIpOBOAHIMCb HaMH Ha 
3epKaJIbHOM MOHOXpomatTope 3MP-3 c KBapleBoH onTHKOH. McrouHHKom cBeTa 
CYKUNa KCCHOHOBAaA Jamia MOCTOAHHOrO ToKa Tura JLKCIU- 10006. Cnextpap- 
Hoe paciipeseseHHe SHEPrHH WaMMbl Ha BbIXOJ€ MOHOXpOMaTOpa TIpOMepsAOCb 
OouoMeTpoM. Kpome Toro JIA YAbTpaduoseToBOM OONacCTH CHeKTpa C MOMOILbIO 
@OY-18 cuumasiocb clekTpaJbHoe paciipemeseHue STOH xe JAMIbI U ybTpaduo- 
JleTOBoH HopmasH TIPK-4. 

O6pasubl OCBeaHCb HMNYJIbCaMH IpAMOYFOAbHOH (chopMbI, KOTOpbie co3fa- 
BaHCb @UrypHbiIM ucKOM. PaOouad yacToTa MOMYJIAWMM cBeTa cOCcTaBIANAa 
(36 + 0,5) repy. Ouextpwueckan uactTb (1°) ycTaHOBKH cocToOasa W3 2/1eKTpO- 
MeTPH¥eCKOrO KaCKajla, WIMpOKOMOJOCHOrO YCHJIMTeJIA, MHJJIMBOJIbTMeTpa 
ocuuorpada 30-7. 

Bee U3MepeHuA MpOBOAMHCb B JIMHeHHOM 4aCTH CBeTOBOM XapaKTepHCTHKH 
oOpasnos. McceqoBaHHble MOJIMKpHcTasIMyecKHe MIeHKM OOaaiu MHeMHBI- 
MM BOJIbT-aMMepHbIMH XapaKTepHCTHKaMM B paOoueM J\ManasoHe HallpsKeHHH 
M OTCYTCTBHeEM 3aBMCHMOCTH (pOTOTOKa OT HOJAPHOCTH MpWoxwKeHHOrO HalpsA- 
*KCHHA. 

@oTouyBCTBUTebHOCTh OOPaslOB Mbl XApaKTepH3OBasIH BeMYMHO cboTOTO- 
Ka, IIpHXOfallerocA Ha CMHHUMLy JHepruu Mayaroulero CBeTa, OTHECCHHOM K TeM- 
HOBOMY TOKY. B Halliem cly4ae HaNpAXKeCHHOCTh MOJIA ABTOMATHYECKH BbIepKH- 
BaJlaCb NOCTOAHHOU, Tak KaK HHJMeBbIe OMHYeCKHe IJIEKTPObI Ha BCeX OOpa3- 
WaX HalbWIAJIHCb 10 OfHOMY Tpadapety. TemHOBOM TOK H BOJIbT-aMMepHble Xa- 
PakKTePHCTHKH MWICHOK CHHMA@JIHCb MIpH MOMOMM IIeKTpOMeTpHyecKorO ycHJH- 
Tea MOCTOAHHOrO TOKa QMY-3 Mu usMepuTeia conpoTHBeHHi MOM-3. 

Kpome uccmeqopaHuit cboTOTOKa Ha HEKOTOPBIX MeHKaX ObLIM CHATHI CIeKT- 
PaJIbHbIe 34BHCHMOCTM COOCTBEHHbIX BPeMeH %KH3HH (cpoToHocHTeleH tT. M3me- 
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)EHHA T MPOBOLMINCh NO OCILMIOrpaMMaM yuacTKa cnayaHHa MMMyvibca (po- 
OTOKa B MOMeHT IIpepbIBaHHA MHCKOM cBeToBoro my4Ka (°,1%,17), TouHocrs 
i3MepeHHH (oTOTOKa orpaHHynBanacb 5%, a toTOuyBCTBHTembHOCTH 20%; 
Id COOCTBEHHEIX BPe€MCH %KH3HH TOUHOCTh H3MepeHHH cocTaBsana 30%. 
HaliHMu OnbITaMu OblvIO YCTaHOBJIeHO, UTO MWICHKH cyJbcdwya KayMua, Ha- 
IbIJIeHHbI€ B BaKYyMe H aproue Ha HenosorpeBaeMble CMeMHaMbHO MOANOXKKH, 
[aXOJIALLHECA IPH KOMHATHOH TeMMepaType, KaK paBHl0, He OOHAPyXHBaIOT 
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Puc. 1. CnexrpaJbubie KpHBbIe (POTOUYBCTBHTeIbHOCTH H BPeMeHH XKH3HH T HOCH- 

Teleli TOKa Wid mieHoK CdS, HanmblWwieHHBIX B BaKyyMe Ha MOWIOKKy, HarpeTy1o JO 

300° (a), B aproHe Ha NOAOxKy, Harpetyto Jo 350° (6), B cepoBogopoge Ha mOZ- 
JIOKKy, HarpeTyto WO 350° (6) 


PoTOUyBCTBUTeIBHOCTH. He uMeloT (OTOMPOBOZMMOCTH H C/OH, HaHeCeHHbIe 
B BaKyyMe Ha‘ NosoxKKy, mpeqBaputTenbHo Harperyro Jo 150°. Bee stu m1eHKH 
ABMAIOTCA HH3KOOMHBIMH, yflebHoe ConpoTHBseHve HX mpHMepHo 10-? — 
— lom-cm. O6pa3ubI, MpHroToBseHHbIe B aTMOcdepe CepHHCTOrO BOXoposa Ha 
HEMOLOPpeBaeMy!O MOMMOKKY UW MMeOUINe yebHOe COMpOTHBMeHHe He Ooee 
1—10 om-cM, TakKe He OOayaloT (OTOUYBCTBUTeJIbHOCTHIO. MOTOTOKH HaOsIO- 
MaoTCA TOJIbKO Ha IJleHKaX, YeIbHOe COMPOTHBJICHHE KOTOPbIX MpeBbILaeT 
100 om-cm. 
_ YecToHIHBy!O POTOUYBCTBUTEbHOCTh CIOH OOHAPYXKHBAIOT B CJlyyae, ecu 
UX HalbWIeHHe MpOH3BOLMIOCb Ha TOMIOKKH, NpelBapHTebHO HarpeTble He 
HuaxKe 4eM Jo 300°. Dro oTHOCHTCH Kak K OOpasilaM, IIpHPrOTOBJIeEHHbIM B BakyyMe, 
Tak HW K OOpa3ilaM, HalIbIJIeHHbIM B aTMOCdepe aproHa HM CepoBosopoya. JIMuIb 
HEKOTOPbI€ H3 HHX He MPOABJIAIOT 3aMeTHOM MpOBOAMMOCTH; y TaKHX OOpasiloB 
yiesIbHOe COMPOTHBeEHHe COCTaABIAeT CHHHIUbI HIM ECATKH OM ‘CM, TO Ha He- 
CKOJIbKO NOPAKOB HHxKe, 4eM Y (OTOUYBCTBHTEJIbHBIX CloeB. Bce MIeHKH, Ha- 
MIbWICHHbIe Ha MOAIOKKU, IpekBapHTeIbHO HarperTbie Jo 450°, BHe 3aBHCHMOCTH 
OT CpebI, B KOTOPOH ocylecTBIANIACh CYOMHMALMA MOpoWka Cybpuya KaqMuaA, 
ABJIAIOTCA COTOMPOBOLALLHMH. 

Ha puc. | u 2 mpefcTaBeHbI CNeKTpaJIbHble KPMBbIe OTHOCHTeBHOK MoTo- 
YYBCTBHTeIbHOCTH HeKOTOPHIX MIeHOK CdS, npHroToBeHHBIX B Bakyyme (Q), 
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a TakxKe B aTMociepe aprona (6) u cepoBopoposa (6). Tam 2e NpHBeeHbI CeKT- 
PaJIbHble KPpUBbIe COOCTBEHHOFO BpeMeHH MKH3HH MOTOHOCHTeseH T HEKOTOPHI 
oOpa3ilos. | 

Kak culelyeT 43 PHCYHKOB, BeJIMUHHA (OTOUYBCTBHTEbHOCTH TJICHOK pa3- 
auuna. Odpasubl, o6aarollve BbICOKOM POTOMPOBOMMOCTHIO, HMEIOT YJleJIbHO 
COMpOTHB/IeHHe Ha HECKOJbKO NOPALKOB Bbillle,YeM HH3KOUYBCTBUTeJbHbIe. TaK,} 
HalIpuMep, yesIbHOe CONpoTHBeHHe meHKH 234 p ~ 2-10° om -cM, a 06pas- 
wa 244 p ~ 1,2-108 om-cm (puc. 1 a). 


p C0 00 6000 as 090-0-0-0-0-0-00-0 Agee 
200 300 400 S00 600 200 300 ‘00 500 600 200 300 400 500 GoOMe 
—— SSS Aa— 


Puc. 2. CnekrpaJIbHble KpuBble (OTOUYBCTBHTeJIbHOCTH H BPCMeCHH IKH3HH T HOCH- 
Tele TOKa JIA WeHOK CdS, HanbWwieHHbIX B BakyyMe (a), aproue (6) H CepHHCTOM 
Bonopoye (6) Ha MOAMOwKKH, HarpeTble 20 450° 


Kak BHJHO 43 rpaduKos, PoTOTOFH MieHOK CepHUCTOrO KaMHA Hads0awT 
CA B WIHpOKOM Auanasone AHH BOJH BOsOyaaloulero CcBeTa—oT 225 fo 700 Mu 
IlpH sToM y MpenmapaToB Cc HH3KOH WyBCTBHTebHOCTbIO (OTOTOK MpHXoOLNTCcA 
B OCHOBHOM Ha BHJMMy!0 OOacTb cneKTpa. OOpa3ulbI C BbICOKOH (bOTOUyBCTBH- 
TCJIbHOCTbIO OOHAPYKHBAIOT POTOTOK KaK B BHAHMOM, TaK H B ysbTpaduowero- 
BOHM 4aCcTH cmeKTpa. Y OOJIbINHHCTBA OOpa3iloB B yJIbTpaduoueTe (oToOuyB- 
CTBHTCJIbHOCTh JOCTHraeT OUeHb OOVIbINON BeHIHHEI. ad 

TakuM oOOpa30M, CIeKTpaJIbHad KpHBad CBeETOBOH MpOBOAHMOCTH Mos MKpH- 
CTAIIMYeCKUX#MIeCHOK CyJbiuya KayMMA HOCHT COMKHbI XapakTep WH MMeeT 
moO KpatHel Mepe Ba MaKCHMyMa (OTOaKTHBHOCTH B JMana30He 225—700 mu. 
MakcumyM (coToTOKa HH3KOUYBCTBHTEJIbHbIX MeHOK sexKUT mpH A 510 mp, 
B TO BpeMA KaK BbICOKOUYBCTBHTEIbHbIe OOpasbl OOMALaloT MAKCHMyMaMH (po- 
TOTOKa KaK B YJIbTpadHoJIeTOBOH 4aCTH CieKTpa, Tak MH B BUAMMOH OOsacTH 
(A 510 my). TlocneqHult m0 Momo0xKeHHIO COBMayaeT C MAKCHMYMOM (pOTOTOKa MO- 
HOKpucTamoB CdS (4-8). 

Co6cTBeHHOe BpeMA XKH3HH COTOHOCHTEeNeH WIA BCeX MCCJIeOBaHHbIX HaMH 
oOpasiloB OKa3aJI0Cb paBHbIM mpHMepHO (1—6) -10-° cex. Ono Toro xe MopayKa, 
UTO H JWI MOHOKPHCTasOB cyibpuya KayMus (1%). Kak cuenyer u3 puc. | u2, 
T MpakTH4eCKH He 3aBUCHT OT JWIMHbI BOJIHbI BOsOyxKMarolnlero cBeTa. /JIuutD B 
oOslacTAX CHeKTpa, rye POTOAKTHBHOCTE WwieHoK CdS HesHauuTebHa HW KoOMUe- 
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TBO (OTOHOCHTEeH MaJIO, COOCTBeEHHOe BPEMA XKH3HH HeCKOJIbKO Bospactaer. 
To ~HaOuOfaeTcA KaK B BHAMMOM, TAK VM B YJIbTPAKOPOTKOBOJHOBOM YacTAX. i 
eKTpa. ai 
Kak MoKa3bIBaeT aHaJIH3 3KCMeEPHMeHTAJIbHbIX JlaHHbIX HalIMX OMbITOB, 
3eIMUHHA HW CIeKTpasbHOe pacnpesemeHve MOTOUYBCTBUTeEIbHOCTH I1IeHOK. i 
Ybpufa KaMHA He 3aBHCAT OT HX TOVIMHHEI. Tak, HalmpHMep, BbICOKOUYyB- he at 
TBUTCJIbHLIM OOpasery 592 (puc. 1 @) HMeeT IPHMepHO TY %Ke TOJMIHHY, 4TO H a 
IM3KOUYBCTBHTeIbHaA mieHKa 584 (1,8-10-4 u 2,7 -10-4 cm coorBeTcTBeHHO). I 
[akxKe He OOHAPy2KHBaeTCA 3ABHCHMOCTH CNeKTpasIbHOrO pacmpememeHua cho- Lk 
‘OTOKAa OT TeMMepaTYPbI MOMNORKKH U Cpebl, B KOTOPOH MpOHsBOLHTCA mpuro- 
‘oBeHHe OOpasia. OHakO BeHYHHA OTOUYBCTBUTeIbHOCTH CBA3aHa C 
/€NbHBIM CONPOTHBJICHHeM HalIbIeHHOTO Clon. C yBeMYeHHeM TemiepaTypbi 
[OLIOKKA YeNbHOe COMNPOTHBeHHe MH (POTOUYBCTBUTeAbHOCTh TJIeCHOK BO3pa- 
TaeT. 
Kpome Toro Ha OCHOBaHHH HalllHX OMbITOB MOXKHO YTBepxAaTb, YTO pa3suy- 
[ad (POTOUYBCTBUTEJIbHOCTh Cy0eB He CBA3AHA C Pa3JIHUHeM UX MOBepXHOCT- 
IbIX CBOMCTB. Ilocie NpHroTOBMeHHA BCe NVICHKH XpaHWJIHCb B 9KCHKaTOpe pHi 
MHAKOBLIX YCJIOBHAX, a MOSTOMY HeIb3A STOT 9dceKT OTHECTH K pa3sHooOpa- 
IO MOBEPXHOCTHBIX CBOHCTB. 


Mockosckuli 9HepreTHueckHit Ilocrynuao 
HHCTHTYT 8 XII 1960 
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TEXHHYECKAA BH3HKA 


B. HW. HBAHOB u K. A. OCHHIOB 


MCCJIEMOBAHHE KHHETHKW POCTA 3SEPEH B a-)KEJIE3E 
BbICOKOM CTEMEHH 4HCTOTHI | 


(IT pedcmaereno akxademuxom IT. B. Kypdiomoeoim 3 I 1961) 


M3 MHOrHX SKCHepHMeHTaJIbHbIX MH TeOpeTHYeCKHX HcCJleOBAaHHH KMHETHKH © 
pocTa 3epeH B MeTaslaX BHHO, 4TO B OOJIbINMHCTBe ClyyaeB TeopeTH4ecKH pac- 
CUMTAHHbIe 3HAYCHHA CKOPOCTH MepeMeleHHA TpaHHll 3epeH 3HAYHTEJIbHO BILE | 
3HAYeCHHH, MOJYYaeMbIX JKCIePHMeHTaJIbHBIM wyTem. PacxomxgeHHe OObIdHO | 
OObACHAIOT SKCHEPHMEHTAJIbHbIMH TPYAHOCTAMM HM HH3KOM UMCTOTOM MccueLye- 
MBIX MaTepHawios (1, 7). UccmeqoBaHHA, BbINOJIHeCHHbIe Ha MeTawax C CosepxKa- 
HHeM Mexee 0,01—0,001% KonTponupyembIx IpHMecel, HemHOroducseHHEI (37%), | 
OgHako Jaxke TaKoe HESHaAYHTeMbHOe COMepxKaHve HEKOTOPHIX MpuMeceH BCJeL- 
CTBHe HX MIp€MMYUIeECTBEHHOFO pacipesesieHuA MO TpaHHiaM 3epeH MOET OKa- 
3bIBaTb CHJIbHOe BJIMAHHe Ha KMHETHKY MepeMelleHHA TpaHH 3epeH H YMeHE- | 
WaTb CKOPOCTb HX MepeMelleHHA Ha HeCKOJIbKO MopsagKos (1, *-14). OcoOeHHo | 
CHJIbHO STO TIPOABJIAeTCA B Cuy4ae KPYMHbIX HCXOMHIX 3epeH, Kora yAeibHaA 
MOBEpXHOCTb rpaHull 3epeH Masa. IlosToMy MaKe B MeTaIaX BbICOKOH CTeleHH | 
YUMCTOTHI IipH H3yY4eHHH KMHETHKH pOcTa 3epeH MKeaTebHO HMETb MEJIKO3epHH- 
CTyIO HCXOMHYIO CTpyKTYypy. 

Kak Obuio moKa3aHo panee (!*), yMeHbIeHHe BeM4MHbI 3epHa MOET OBIT | 
JOCTMFHYTO C MOMOMLbIO peKPHCTAaJIM3alHOHHOLO OTKHTa Mp ObICTpOM I/IeKTPO- 
HarpeBe, KOPa CKOPOCTb 3apOxXKACHHA WEHTPOB PeCKPHCTAMNU3ZALMH Pe3KO BO3-| 
pactaer. 

B HacTOstleM COOOMLeHHH W3araioTCA pe3yJIbTATLI HCCIeqOBaHUA KMHeETHKU 
pocTa 3epeH B G@-2%Kee3e BLICOKOM CTeMeHH UHCTOTHI pH ObicTpoM 3/IeKTpOHarpe-| 
Be. )Kesie30 uMevro cle yiouyuit xumMYecKHit cocTaB:0,001%0,0,001 %C, 0,002 %S,, 
meHee 0,002% N; Cu, Ni, Si — cnegpr. MeroquKa ero nomyseHHuA ONMCaHa B 
paoote. ('°) =. i 

IIpyTkH xee3a AMaMeTpoM 7,7 MM NOMBeprasvch XOJOAHOH mmacTHyecKOHy 
RePopMallWH Ha pOTalWOHHOM KOBOUHOM MAaILIMHe C MocJeyIONlHM BOJIOUeCHHEMs 
yepe3 (bHIbepbl WHametTpom oT 4 fo 2,45 mm. OGilad creneHb OOxKaTHA CocTa 
Bula 89%. 

Jl WOyIeHHA MeIKUX HCXOMHHIX 3epeH AeopMHpoBaHHble OOpasubl NO 
BepraJIuCb 3JIEKTPOKOHTaKTHOMY HarpeBy MepeMeHHbIM TOKOM CO cpeftHei CKO 
poctbio 2800 rpaa/cek fo Temmepatyp 720—735° u 3aTeM HeMeJICHHO OXaxK- 
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‘CTpyKTypa C OCTaTOUHO OHOPOAHEIMH MeJIKUMH 3epHamu. CpeqHni WMamerpy 
sepeH paBussica 0,033 mm. [pu narpeBe xe B MeuH He yAaoch NoLoOpaTh pel 
*KMMA OTKHTA, OOeCHeYMBaloMlero MOyYeHHe MOMHOCTHIO PeKPHCTAaVIM3OBAaH| 
HOW CTPpyKTYpbl C pa3sMepom 3epeH meuee 0,2 mm. 

Hizyuenue KHHeTHKH JaubHelllero pocTa 3epeH MpOBOAMOcb B HeH3OTeph 


TOBBIM. 


00 rpag/cex. C yBenueHvem Temnepatypnt oT 700 qo 900° C ckopocTb HarpeBa 
{OHOTOHHO NOH xKaNacb oT 300 no 150 rpag/cex. Tlocue HarpeBa lo 3ayaHHbIx 
‘emmepaTyp oOpasiibl oxaxKaiucb B Bowe. BpemMa MexLY OKOHYAHHeM Harpe- 
sa HW TOrpyxKeHvem oOpasia B Boy He MpeBbiittao 0,02 cex. TemnepatypHpi 
YOOKHM HarpeBa perHcTpHpoBaIcA WeHpoBLIM OcHHOrpadom Hu OaJINCTH- 
IeCKHM TaJIbBaHOMeTPpOM C 
IOMOLIbIO TOHKHX (d = 0,06 
{M) XPOM@JIb-aJIIOMeJIeEBbIX 
‘epMomap, IpHBapHBaeMbIx 
3 cpequel uacTH oOpa3ila. 
MuxpoctpykTypHoe 43- 
lepeHHe cpeyHero Hamer- 
ya 3epeH D mpososusocb 
feToyom cekymHx (4) B 
wecTe IIpHBapKH Tepmomap. 
3eHUHHa 3epHa u3MepsA- 
1aCb B 3€BHCHMOCTH OT TeM- 
lepaTypbl OKOHYAHHA Harpe- 
3a t. PesybTaTbI H3MepeHHit 
1pelcTaBeHbl Ha pHe. |, a. 
Tak Kak cpeqHAA JH- 
ieHHawA CKOpOCTb Tepeme- 
IeHHA TpaHul 3epeH G Kak 
B H3OTCEPMHYeCKHX, TaK MU 
B HeEH3OTeEPMHYeCKHX ycJO- 
BUAX paBHa 4/2 dD/dt, To 0 025 050 075 cex 
B cjyuae HarpeBac mocTo- emir 
AHHOW CKOPOCTbIO @ CKO- pyc. 1. au 6— sanucuMocrH cpefHero MaMeTpa 3epHa OT 
poctb G=4/sa dD/idt u_ ‘temnepatyps (a) u Bpemenu narpesa (6); @ — 3aBHCH- 
MOTJIa ObI ONpPeWeMATHCH He- MOCTb H3MeCHeHHA Temiepary pbl OOpas3ila OT BPCMCHH Har peBa 
MOCPeACTBEHHLIM AHdpdepex- 
HWupoBaHvem KpuBol D = f(t). Ilpu Harpepe c nepeMeHHOM CKOpOcTHiIO npeyBa- 
PHTeCIbHO HEOOXOAHMO ONpeseIHTb BpeMeHHYI0 3aBHcuMOCcTS D = p(t). Han6o- 
lee MpOcTO STY 3afayy pellHTb rpaduyecKUM MeTOJOM, Kak 9TO HJIIOCTpupyer 
puc. 1. B HaKHeH “acTH pu. | mpH- 
BefleHa KpWBad HarpeBa oOpas3ila 
¢t = @(t), MomyueHHad Mp Momo 
pactuMdppoBKH OcCWMIIOrpaMM Ha- 
rpepa. IlepeHoca TOuKH Cc KpHBOli 
D = f(t) na KpuByto t = g(t), cTpo- 
uM 3aBHcuMocTb D = y(t). Ilosmyaen- 
0. 2 4°00 500 900 1300 1700cex "bie Tpadwyeckum AudPepeniupoBa- 
iat HueM KpHBoH D =—(t) 3Ha4deHuA 
Puc. 2. CoorHourenHe Mexy cpeqHHM jMamet- G aA TemilepaTyp 735; 765; 790; 
Qom sepa D uw Bpemenem u30TepmH4ecKoro oT- 810; 865 u 890° C paBHbI CooTBeTCT- 
«ura WIA Temmeparyppl ormura 810° BeHHo 128; 188; 210; 230; 300 u 
| 304 -10-° cm/cexk. 
' Bswio TakxKe mpoBeseHo ucceqoBaHHe CKOpOCcTH mepemenleHusA pani 
‘epeH B H30TepMH4eCcKHX ycOBHAX. IIpu sTOM OOpa3ibl HarpeBaJIHcb Co cpeqHeH 
‘KOPOCTbIO 700 rpay/cek qo Temnepatyppi 810 + 5° C u BpllepxKuBanHch pu 
‘TOM TemilepaType B TeyeHHe pasHuHOrO BpemMeHH. M30repmuyueckas BbIepxKKa 
(OcTHralach aBTOMaTHYeCKUM CHWKeHHeM HallpaxKeHHA TOKa Ha oOpasie Jo 
apaHee nogoOpanHoro 3HaveHuA. Baio HalieHo, 4TO WIA OOpasi{oB, BbIep- 
SaHHEIX B TegeHve 0; 0,4; 1,0; 2,25; 3,0; 125; 275; 660; 900 u 1800 cex., 
peaHui AMameTp 3epeH paBHAJICA CoOoTBeTCTBeHHO 43; 63; 87; 128; 141; 175; 
ag 205; 210 u 240 -10-* cm, a cpeqHaad MHeHad CKOpOcTb MepemenleHua rpa- 
Ml, 3epeH B YKa3aHHbIX HHTepBaax BpemeHH cocTaBHia 250; 200; 164; 87; 
501; 0,63; 0,20; 0,10 u 0,17 -10-° cm/cex. M3 npuBefqeHHEIX JaHHbIX BHHO, YTO 


1) 339 
i. 


CMé 


wae 


wees eee 


NO YYEHHIC B H3OTEPMHYECKHX YCOBMAX MIA MPOLOMMKUTEMbHOCTH BbIepKKE 
no 2 cek. 3HayeHua G = (250—200) -10-* cm/cek OnM3KH NO BeNMUMHE 3Haue- 
Huo G = 230-10-> cm/cek, onpeyesieHHOMY MO JaHHbIM H3MepeHHA BesHUHHbI 
3epHa IIpH HeM30MeTpH4ecKOM pexkume oTaKUra. HexoTopoe pasinune B 3Haue- 
HuAX G MOMKHO OTHECTH 3a CUeT 3aBHCHMOCTH G OT BeJIMUMHbI 3epHa. 

Kak BHHO H3 MIpHBeMeHHBIX JaHHBIX JIA Temmepatyppl 810° C, cKopocTp 
TlepeMenleHHA TpaHHll 3epeH C YBeIHYEHHEM MPOAOJIKHTEbHOCTH BbILEpKKH H, 
CJIEMOBATeJIbHO, C YBeIHYeHHeM pasMepa 3epeH pe3KO MOHM*KaeTCA H MOKET 
YH3MC€HATbCA HA HECKOJIbKO NOPAAKOB. ITO MOET ObITb OObACHEHO YBeIMYeHHEM ~ 
payuyca KPMBH3HbI pacTyWIMX SepeH M NOBbIIeHHeEM KOHUeHTpalMH mpHMeceli | 
10 rpaHullamM 3epeH B Mmpollecce ux pocta. Bpicokve Ha4¥aJIbHbIe CKOpPOCTH Tepe- 

MelICHHA TpaHH, 3epeH Mpu omxKure oOb- 
BRO SiO 3000 Gee SICHSIOTCA, BOSMOXKHO, TEM, YTO IPH KpaT- 


oe . KOBPpe€Me€HHOM OBICTpOM HarpeBe B Mpo- 
—~ 100} wecce peKpHcTaMsauHH He ycneBaeT 
2% IIpOHSONTH LHdpdPy3SHoOHHOe HacbillleHHe rpa- 
acy r HMI Se€peH MIpHMeCAMH, KOTOpoe OyneT To- 
apa CTHraTbCA JIMWIb TPH aIbHeHWIeM pocTe 
roa 3epeH 3a cueT COOMpaHHA MpuMmeceh IBH- 
ee *%KYMIMMUca rpanuiamu (1%—!"), Tax Kak 
HCCJIEMYeMOe KeJIe3O HMeJIO BbICOKYIO CTe- 
120 eo eel al TI@Hb UHCTOTLI, TO HacbileHve YrpaHHil 
ES? BST eS G4 S700) 


3epeH MpHMeCAMM MOrIO NpoHsOHTH mpH 
CPpaBHHTeIbHO OOJIbINHX pasMepax sepeH 
Puc. 3. SaBpucumocts In [D dD/dt] or 1/T (B Hallem ciyuae, BHMMO, 6onee 
0,015 cm), mosSTOMY B HavasbHbl nmepHoy — 
pocta 3epeH (ot 0,003 go 0,01 cm) ropmosamiee AetcTBHe MpHMeceH ObWIO He- 
SHAUHTEJIDHBIM H CKOPOCTb HepeMelleHHA TpaHHiIl 3epeH BewIuKa. 

Pacuetbl 3HaueHuii G qua TemmepatTypbi Zo 900° no TeopHu OfHOATOMHOTO | 
JMddy3HoHHOrO MeXaH3Ma MepemelleHua rpaHui 3sepen (7°) u no Teopuu Mot- 
ta (1°), cormacHo KOTOpoH mepemelleHHe rpaHH, 3epeH paccMaTpUBaeTcA Kak | 
JOKAaIbHOe WwiaBeHHe WM mocseqyiomlee 3aTBepeBaHWe py aTOMOB, al0T | 
COOTBeTCTBeHHO 107° uw 107? cm/cex. TlocmemHee 3Ha4eHHe O1H3KO NO BeHUHMHE 
K TOJYYeHHOMY B HalIMxX ombitaxX Jia Temnepatyppl 890° 3nHauenuto | 
G = 0,35 -10~? cm/cex. V3 stroro cenyeT, uTO MexaHu3M Motta aABsAAeTCA HaH- 
Oolee BEPOATHLIM IPH pocTe 3epeH. | 

JlerkO 110Ka3aTb, 4TO Halll SKCMePHMeHTAIbHbIe JaHHbIe NO pocTy 3epeH 
B U3OTEPMHYECKHX YCMOBUAX XOPOILO ONHCbIBaIOTCA ypaBHeHHem Pesjema (”). 


D®,— D3 = K,exp(— AH/RT)t, (1) | 


re Do u D — cpequve 3HaueHHA HadasbHOrO MH TeKyero JHaMeTPOB 3epeH; 
T— BpemMaA H30TepmMuyuecKoro oTKHra; Ko — MOCTOAHHBIH KoOodPpHIMeHT; fj 
AH — 9Heprua akTuBaunu; R — rasopand mocTosHHan; J — TemnepaTypa 
B °K. [pu 9Tom xapaktepHo, uTo wa rpaduKxe D? = f(t), npexcTaBieHHoM 
Ha plc. 2, WMeIOTCH Ba IPAMOJIMHEHHBIX YUAaCTKAa, YAOBJICTBOPAIOWAX ypaB-f 
HeHuio (1): OAH AIA pocta 3epen or 0,0043 no 0,0141 cm, apyro — or 0,0194%, 
mo 0,0240 cm. Oru yuacTKH MpAMBIX OTJIHUAIOTCA pa3JIM4HbIMH 3HaYeHHAMH]! 
Mapametpa Ko. EF 

B coorsercTBuv ¢ ypaBHeHnem (1) WHHelHad CKOpOCTb pocTa 3epeH MOxeTH 
ObITh BbIPaxKeHa Kak | 


1 dD iy kg q 
1G => > exp (— AH/RT). (2) 


1045/7 — 


yeCKOrO pexKHMa OTAKUTA XOPOWIO YOBMeETBOPAIOT ypaBHeHHIO (2). OTO MO*KHG } 
BHeTb W3 JIMHeHHOW 3aBucumocTu In [D dD/dt] or 1/T, mpezcTaBneHHoH Ha 
puc. 3. PaccuvTaHHoe NO 9THM JaHHbIM 3HaveHHe 9HEprHH akTuBaywHH A 


pocta 3epeH B @-»%Kemese coctaBHo 25,3 KKaw/r-ar. 
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O6paTuM BHUMAaHHe, 4TO MOMyYeHHOe HAMM 3Ha¥eHMe SHEPrHu aKTHBALHH 
pocta seped AH = 25,3 xkkaw/r-aT OH3KO K 3Ha4eHHIO BeHYHHE! g = 
= 22,2 KKan/r-aT, paccuHTaHHoMy TeoperuueckH (2°) Ayia a@-2KeIe3a B COOTBET- 
CTBHH C PHMOTe3OH O MpeeIbHOM MH NepeMeHHbIX 3HAYCHHAX SHEPPHH AKTHBAILMH 
pa3JIMUHbIX MPOWeccoB B TBEpABIX MeTasax (71). Panee (77,28) oTmedamocb Takxe, 
qTO B CJly4ae POCTa 3epeH B MOMHOCTbIO PEKPHCTAMMM30BaHHOM CBHHIe BbICOKOII 
cTemeHH 4HcTOTH (99,9999%) sHayeHHa yKa3aHHBIX BeNMUHH OnusKu: AH = 
= 6,7 kKaa/r-aT u g = 8,02 xkan/r-at. Yautsrpaa 9TH 3Hayenua AH u g an 
CBHHILa, IPHpOy BeIMUMHbI g H CrOCcOOI ee pacuera, Torma 2Ke Oba BbICKa3aHa 
MbICJIb, UTO AKTHBUPyemoe COCTOAHHe B CJlyuae pocTa 3epeH MpemcTaBAeT cobolt 
COCTOAHHE MAKCHMA@JIbHOrO pa3yNOpAOYeCHHA B KpPHCTaIMGecKOH pellleTKe 
WIM COCTOAHHeE «OKaIbHOrO MviaBeHua». []puauna GOmHsKOrO COOTBeETCTBHA 
MexkKIy BemmuunHamu AH uw g ycMaTpHBaslacb B TOM, 4TO O6e OHH MpecTaBJIAIOT 
coOol0 MpeyebHoe 3HaYeHHe SHEP JOKabHOrO CABUTOOOpasoBaHUA B KpH- 
CTAIIMYeCKOH pellleTKe, C JOCTHKCHHEM KOTOPOH HaCTyMaeT «OKaJIbHOe M1aB- 
eHHe» peuleTKH C yuacTHeM rpynm aTomoB. Takoe cocTOoAHHe MOxeT ObITH MOL- 
POTOBJIEHO JeHCTBHeM Pa3JIMUHbIX (PaKTOPOB, HaMpHMep: Aes0pMeHTaluelt KpH- 
cTAaJIJIOB,  TeEMJIOBLIMH (PlyKTyalHAMH, \cliCTBHeEM IIPHJIOXKeHHBIX HalpsKeHHH 
H pa3sAH4HOrO posa paqnanun. 

Tenlepb MBI MO%KeM CKa3aTb, YTO H3JIOX%KeHHOe 3eCb MOHHMAHHe AKTHBUpye- 
MOrO COCTOAHHA MOATBeEp2xKTaeTCA OTMC4YCHHEIM BBIe (aKTOM, YTO WIA a-2KeTesa 
3HaueHHa BeMuHH AH u g O1n3KH. [Ip 9TOM BaxKHO OTMETHTD, YTO IA MeTaJ- 
NOB BEIMYHHAa Gg OIH3Ka, KaK 3TO N1OKa3aHO Ha OCHOBaHHH MHOFHX SKciepHMeH- 
TaJIbHBIX WaHHbIXx (71, *4), K TAKHM BeHYHHAM Kak: 9HEPrA AKTHBALMN TBUKe- 
HUA HW 9HeprHa OOpas0BaHHA MOHOBAKAHCHH, SHEPrHA PpaHHll CHJIbHO e30pHeH- 
THPOBAHHbIX 3epeH H SHEPIHA AKTHBALHU camoLudpy3suu mo rpaHHlaM TaKHX 
3epeH. IIpHunHa Ou3KOro CoBMaweHHA BCeX STHX BeEJIHUHH, Kak yxKe mpelmosa- 
raocb (?*, 3), saKi0ouaeTCA B TOM, 4TO BCe OHH MpescTaBAoT Cobo MaKCcH- 
MaJIbHOe 3HaveHHe SHEPrHH CABHrooOpas0BaHHA HIM, HHave, «OKAJIbHOTO MaB- 
JieHHA» B peuleTKe. EctecTBeHHO, STO TaKYIO TpaKTOBKY MBI Jaem HM nouy4eH- 
HOMY JIA G-2KeIe3a 3HAYeHHIO 9HEPrHu akTHBaluH AH pocta, He3aBHCHMO OT 
TOFO, OTOKMECTBIACM JIH MBI CO CO 3HAYCHHEM SHEP AKTHBAUHH TBWKeHHA 
MOHOBaKaHCHH WIM Cc SHeprveH aKTHBaLHH TpaHHyHoN camosMppy3suHn. ~ 


VucrutyT Mertaslypruu Tloctynuso 
um. A. A. Batixosa {0 XII 1960 
AxajemHH Hayk CCCP 
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Jloxnagmn Akawqemuun nayr CCCP 


1961. Tom 138, Ne 2 ~ 
TEXHHTECKAA ®H3HKA 


lr. B. CAMCOHOB u T. C. BEPXOFJIAAOBA 


®H3H4UECKHE CBOHCTBA HHTPHAA THTAHA B OBJIACTH 
rFOMOrEHHOCTH 


(ITpedcmasaeno axademuxom I. B. Kypdtwmoseim 4 1 1961) 


Hurpuy Turana TiN, npeycrapnsaroulMi coOol THnMyHy!o dasy BHeapeHus, 
WMeeT INHpOKyi0 O6acTb TOMOreHHOCTH, Mpocrupaioulyioca oT 380 Jo 50 ar. % 
azota (1). B mpememax 9ToH OOmacTH MOXKHO OAHLaTb H3MCHEHHA XapakTepa 
XHMMHYeCKOH CBA3H H, CeOBaTeJIbHO, H3MCHEHHA CH3SHYeECKHX CBOHCTB. 

B nactosulel paOote Opi HccJleqOBaHbl MUKPOTBepAOCcTb H 3seKTPOCONpo- 
THBJICHHE CIlWaBOB THTAHAa C a30TOM B OOs1acTH ToMoreHHocTH dbasbi TiN. Muxpo- 

TBepMOCTh H3MepsAJIACb Ha NOPOWKaXx ciwa- 


Kl /oue -- BOB, KOTOpble TOTOBHJIHCb a30THpOBaHHeM 
200 We nopomka TuTaHa (99,8% Ti; 0,1% Ca;. 

& 1600 va 0,09% Fe; 0,02% H) mo meroguxKe (?), | 
& of HCKJIIOUAIOIEH BOSMOXKHOCTbh OJHOBPeMeH- 
3S 1200 Pas f HOrO OKHcJIeHHA. [lopouiKu cosepxKau OT 
S an 35,6 go 49,8 at.% N (TiNo,ss — TiNo,9s). | 
S 600 ja OOpasibl WIA H3MepeHHA 9JIeEKTpocorpo- 
= / THBJICHHA IpHFOTOBIAHCb CleKaHHeM OpH- | 
= 400+ 47 ! 

if KeTOB H3 THTAHOBOTO MOpollkKa, ClpeccoBaH- 

x 


HbIX Mo WaBseHuem 2—4 t/cm? B aTMO- 
G0 WM 2 30 40 S50amh%  chepe a3soTa BnpomomKeHHe 2—4 yac. pH 

430m —> ° | 

temnepatypax 900—1300°. Ilosmyuenupie 

Pue. 1. KonmeHTpalluonHad 3aBHCHMOCTb oOpas3ilbl coflepxasIH OT 34,7 no 49,8 aT. % 
BGR Eo acl ko ae azora (TiNo,ss—TiNo,os) H pH Kaxkjom. | 
cocTaBe HMe€JIM HECKOJIbKO 3Ha4eHHH MOpH- 

CTOCTH JIA OOecMeueHHA HaexKHOH rpacdwyeckol MW pacueTHOH SKCTpanoALHH 
3JIEKTPOCONPOTHBJICHHA Ha HYJIEBYIO MOpHCTOCTD. | 
PesyJIbTaTbl H3MepeHHA MHKPOTBepAOCcTH MpH Harpy3Ke 50 r npHBeyeubi Ha} 
puc. 1, a yebHOTO SNEKTPOCONPOTHBJeCHHA MpH KOMHATHOM HM BBICOKUX (JO: 
2000°) Temnepatypax — Ha puc. 2 u 3. 
Kak culeqyeT 43 puc. 1, KOHWeHTpal\HOHHaA 3aBHCHMOCTb MHMKpOTBepsOcTH 
HUTpHa THTAHA B OOACTH TOMOreHHOCTH MMeeT JIMHCHHBIM XapakTep H aHaJo-) 
ru4Ha B 3TOM OTHOUICHHH 3aBHCHMOCTH MMKpoTBepfocTH Kap6ugoB TiC (°),| 
ZrC (#7, °), a Takxe TasC u TaC (°) or cofepxaHHA CBA3aHHOrO yruiepoya B UX) 
oO1acTAX TOMOFeHHOCTH. OHAaKO JIA YKa3aHHbIX KAapOWMOB IKCTPanoOMAWMA JIM- 
HMM MHMKPOTBepAOCTH Ha CofepKaHve yrvieposla, paBHoe HY, WaeT npHOnusH 
TeJIbHO 3HAYeCHHA MHKPOTBepOCTH COOTBETCTBYIOWNIMX MeTAJIJIOB, B TO BPeMA Ka 
(JIA HATpWfla THTaHa 9TOTO He HaOmOMaeTcA. Orciofa culeqyeT, UTO B KpHcTas-F 
JIMMECKUX pellleTKaX KapOHOB XapakTep 3/JIEKTPOHHOTO CTPOeHHA, XHMMYeECKOHF 
CBA3H WH pacnpeeeHHA IIEKTPOHHOH MJIOTHOCTH TIpHMHUMNHaJIbHO He OTIMYUAeT-! 
CA OT TAKOBBIX B pellleTKaX MeTAJIJIOB, B TO BPeEMA KaK B HHTpHJe THTaHa OH H3Me- 
HACTCA, O-BHMMOMY B CBA3H C MOABJICHHEM 3HAYHTeEJIbHOM JOJIM HOHHOM CBA3H,} 
BbISbIBAeMOH BbICOKHM HOHH3aUHOHHBIM MOTeHIMaJIOM a30Ta B COUeTaHHH C BbI- 
COKOH aKUenTOpHOM cnocOOHOCTbIO OCTOBa aTOMa THTaHa (‘). OTKIOHeHHE OF 
XapaKTepHOro JIA MeTaIIHYeCKOrO COCTOAHUHA XOa 3aBHCHMOCTH MUKPOTBEp 4 
JOCTH BOSpacTaeT C YMeHbINeHHeM COAepXKaAHHA a30TA B pellileTKe HUTPHa THTA4, 
Ha, 4TO CuleyeT OTHECTH 3a CUeT BO3PACTAHHA DOH MOHHOM cBaA3H. [locneqHees, 
CBA3AHO C OOpasOBaHHeM HeMmOcpefCTBeHHHIX cBAseli Me — Me, yMeHbIleHHeM 
JOH Y4aCTHA BJIEKTPOHOB THTaHa B CBA3HAX C a30TOM, MeHbIIHM BO3MYLLeCHHeMp 
BaJICHTHBIX 9JICKTPOHOB a30TA MW COOTBETCTBCHHbIM YBeIHYeHHeM 9HEpreTHuey 
CKOFO pa3pbIBa Me*K]Ly OCTOBAMH ATOMOB a30Ta HM THTAaHa. 
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H3MeHeHHe 91eKTPOCONPOTHBeHUA HUTPUa THTAHAa B OOaCTH ToMOreHHOCTH: 
(puc. 2) TakxKe OTMMYAeTCA OT XOJa CONPOTMBMeHUA KapOUa TUTaHa, ABMAACE. 
HeJIMHeHHBIM. 

Ilospnenve SHepreTHueckoli mem B pemet- , “77 
Ke HHTpHja THTaHa C HeMOIHbIM coxepxKaHvem 
a30Ta, TIpeANONOKeHHOe MPHHIUMNHAIbHO JWA 
HUTpHya THTaHa B paOoTax (8, °), xopomio nogz- 
TBepKAaeTCH H3MepeHHAMHM  9JIEKTPOCOMpoTHB- 
I€HHA MIpH BbICOKMX TemilepaTypax (puc. 3). 

V3 qaHubix puc. 3 cneqyet, uTo HUTpHA TH- 
TaHa C COJepKaHHem a30Ta, OHU3KHM K CTeXHO- 
MeTpHyuecKkomy (49,8, aT.% N), o6HapyxuBaer 
IMHEHHbIM POCT SJICKTPOCONpOTHBAeHHA Cc TeM- 
lepaTypo;, pH YMeHbUIeHHH CoxepxKaHHA a30- 
ra Qo 48,4 aT.% NoABAAeTCA MaKCUMyM compo- 
THBeHHA pH 1800°. IIpu yanpuetiiem cHwxKe- 
HH COMepKaHHA as0Ta COMPOTHBeHHe BO3pac- 
raeT C OMHOBPeMeHHBIM CMeIIeHHeM MaKCHMyMa 
B OONAaCTh Gojee HU3KUX TemMepatyp: 750° yn 40 NC—~ SOamp 
o6pasiia c 43,4 aT.% asora; 550° ana 38,6 at. %. 
pu 36,6 ar.% asoTa mpu o6uem moppnenun Puc. 2. Konwentpanuonnaa 3a- 
JIEKTPOCONPOTHBJICHHA MA@KCHMYM HeCKONbKO PHCHMOCTb yiebHOTO STEKTPOCO- 

IIpOTHBJIeHHA HUTpHZa (1) H Kap- 
oMeulaeTCA B OOaCTb GOomee BEICOKHX TeM- 6una (2) THTaHa 
nepatyp. IlupuHa 9nHepreruyeckoii men c 
YMCHbINeHHeMCOsepKaHHA a30Ta yBeMYNBAeTCA. 

TakKH¥M oOpa3om, CHHKeHHe “cojlepxKaHwA a30Ta B HuUTpHAe THTa- 
BS) Ha B mpesenax o6acTH ero 
TOMOreHHOCTH IIPHBOAHT K YBeJH- 
YeHHIO JOM MOHHOK 'cBA3H. Oue- 
BHJHO, YTO Takoro xe 9dpeKTa 
cleqyeT OmuAaTb [HM IA HUTpH- 
OB [pyrux WepexofHBIX MeTaJI- 
JIOB, ATOMBI KOTOPbIX oOO1aa1oT 
BbICOKOH § AKHENTOPHOH cmocoOHo- 
CTbIO d-3IEKTPOHHOrO ypOBHA — 
Zr, Hf u V, B TO BpemMa Kak JIA 


YdensHoe gnexmpoconpomublenue 


/t0M-CM 


i Puc. 3. KouiledTpalHOHHO-Temmepatyp- 
ale 6 Had 3aBHCHMOCTb 3JIEKTPOCONPOTHBJIeHHA 
TiN: 1—36,6 ar.% N; 2—38,6 ar.% N; 
8—4l1,0 atr.% N; 4— 43,4 ar. MN; 5— 
48,4 at.% N;6— 49,8 ar.% N 


YdenbHoe gnexmpoconpomubsenue 
= 
Ss 


200 400 600 800 1000 1200 1400 1600 1800 °C 


[MTpHOB MeHee aKenTOpHOcHocoOHBIX meTas0B — Nb, Ta u, Tem Gonee, W 
tMo BO3MOXKHOCTH BOSHHKHOBEHNA 9HEPreTHYeCKUX PaSPbIBOB MeHee BEPOATHBI. 


WuctuTyT MeTaimoKepaMHKH H CnelharbHbIxX cmlaBoB Tocrynuo0 
AxajemuH Hayk YCCP 29 XII 1960 
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Jloxnzagnn Akahemuun way CCCP 
1961. Tom 138, Ne 2 > 


TEXHHYECKAA PH3HKA 


H. C. ®ACTOB 


OCOBEHHOCTH TEPMOAHHAMHKH TBEPJIbIX PACTBOPOB 
BHEJPEHUA C OB bEMHOLEHTPHPOBAHHOM KYBHYUECKOM 
PEWIETKOM 


(IT pedcmaeaexo axademuxon I. B. Kypdromoeoim 3 I 1961) 


B TeopuWH pacTBOpoB OObIMHO MpesMoviaraeTca, YTO BCe BOSMOXKHbIe MOVI0- 
oKe HHA GACTHIL paCTBOPeHHOrO BelljecTBa SHEPreTHYeCKH OMMHAKOBHI H, CuJeO- 
BaTeJIbHO, PABHOBEPOATHBI. Takoe NpeAnosOKeHHe ONpaBAbIBaeTCA JIA HKATKUX 
PaCTBOPOB H MOKeT OKA3aTbCA HECIPaBeLIHBbIM [JIA HEKOTOPbIX THIOB TBeEp{bIX 
PpacTBOPOB. | 

PaccMoTpHM TBepAbI pacTBOp BHeApeHHA C OObeEMHOLLEHTPHpOBaHHOH KyOu- 
yecKoli pellleTKol (HalpHMep, pacTBop yrsieposa B a-xKevlese). B Takom pacTBope 
ATOMbI PpaCTBOPeHHOFO BelleCTBa HaXOJATCA B CepefHHe peOep seMeHTapHOH| 
aueHku (HIM B CepeqHHe rpauHel). HanpaByM ocu x, y, 2 m0 peOpam kyOa 9duleMeH-| 
TapHOH @4¥eHKH WH OOO3HAYHM BOSMOXKHBIC MOMOKeCHHA YACTHIL pacTBOpeHHOrO 
BellecTBa B cepefquHe peOep, HallpaBJIeHHbIX TO OCH x, KaK X-IOJIO%KeHHA| 
(puc. 1, a), a mo ocH y — Kak y-nonoxeHuaA (puc. 1, 6), Mo ocH 2 — Kak 2-n0- 
Jioxkenus (puc. |, 6). B HeqecbopMupoBaHHOH pellieTKe WJIH B Cayyae paBHomep+ 
HOrO BC€CTOPOHHerO C#KATHA JHEPHH ATOMOB B X- , Y- UM Z-MOJOMKeHHAX OMMHA 
KOBbI. OHAKO B JesOpMHPOBaHHOH pellleTKe 9HEPrHH ATOMOB pacTBOpeHHOrO 
BeIIeCTBAa B X-, Y- HM Z-MOMOKEHUAX Pa3JIMYHbI HW 9TH MOJORKCHHA ATOMOB HMEIOT 
pa3IH4uHy!0 BepoxTHOcTb. B mpomecce ZecbopMupoBaHHA SHeEprHu pa3H4HbI 
TOMOMKEHHU ATOMOB H3MEHAIOTCA HA Pa3sHMUHYIO BeJIMUHHY, YTO IPMBOLMT K Te 
pepaciipeyeieHwio aTOMOB paCTBOPeHHOTO BelecTBAa Mexy STHMH TOOxKe! 
HuaMH. Takolt mepexoy ATOMOB M3 OMHUX SHEpreTHYeCKUX NOAOKEHHH B mpyrne 
TIPOHCXOHT B pesemax OAHON JIeEMeHTApHOM AGeHKH HW MpOABMIAeTCA B yIpyro 
MOCeeHCTBHH, Pe3KOM YMeHbINeHHH Mofyaa TOnra M Apyrux sABMeHHAX He 
ylip yrocTu. 

IlycTb Cy, Cy, C2 — KOHIHTpalWH aTOMOB paCTBOpeHHOrO BeLeCTBa B 
Y- WH Z-OJOKeCHUAX, C —- OOMLAA KOHIeCHTpalua. OueBuyHo 


Cz + Cy +e, = C. 
Tak Kak JIA TepepacipeleeHHaA ATOMOB M@XKLY pasJIMUHbIMH OOKeHUS 
MH TpeOyeTca HEKOTOPOe BPeMA T, TO JetbOpMHPOBaHHHI TBepAbIH pacTBop Oy AEP 


WMH H TeMMepaType B TeyeHHe JOCTaTOUHO GouIbIIOrO MpOMexKYTKa BpeMeHH (OonF 
mero uem Tt). B paBHOBeCHOM COCTOAHHH BeJIMUHHEI Cy, Cy, Cz ABJIAIOTCA CPYHKUMAMP 
WemopMalwu H TeMIepaTypbI, B HepABHOBECHOM COCTOAHHH Cy, Cy, Cz ABJISAIOTC 
He3aBHCHMbIMH Te€peCMeHHBIMH, YOBJICTBOPAIONIMMH CooTHOMeHuIO (1). 

CBoOoqHad 9HeEprHA eEMMHUUbI OObemMa pa3zOaBMeHHOrO pacTBOpa B CcJy44 
PaBHOBeCHA OTHOCHTEIbHO BC€X BO3MOXKHEIX MOMOKECHHH YACTHI, pacCTBOPeHHO 
BeULeCTBa, KAK H3BeCTHO, OyjeT 


F=F,+kTN cln(c/e) + cp + 1/,c°O, (pe 


| 
rae F,—cBo6oqnaa 9Heprus uMcTOrO pacTBopuTess; kT Nc In (cle) — cp Q 


OofHad SHeprus, OOyCNOBeHHaA MepecTaHOBKaMH TOKMECTBEHHbIX actif 
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ACTBOPeHHOrO BelllecTBa C pacTBOpHTemeM u pyr c Apyrom; N»— uncno 
ACTH, PaCTBOpHTelA B efuHuNe OObema; Fj, 1p uv O—dyuKunn Ten30pa 
SpOpMallHuH &, MH TemMepatypbl T. B HepaBHoBecHoM COCcTOAHHH yHKILUH p 
@ pasJMUHbI JIA SHepreTHyeCKH pa3NMUHBIX Toso mKeHu uacrun. Kpome 
oro, IPH MopcueTe NepecTaHOBOK TOXKJeCTBEHHBIX YACTHIL JOJMKHbI ObITb HCKJIIO- 
SHI TI€peCTaHOBKH Mey HepaBHOBeCHbIMH Tpylnamu. CyeqopatTebHo, 
epaBHOBecHaad CBOOOfHaA SHeEpruA WA MoHOKpucramna Fy, Oyzer 


«= Fy + RTNo [ex |n (Cx/e) + cy In (cy/e) + cz In (c2/e)] + cxtpy + cyrbo + C2rp3+ 
= Mecpiy i 11Caoa se UEC Ds + CxCyre + CxCz2P13 + CyC2 bos. 


Pasnaraa F, wu %p; B pA, 10 MHBapHanTaM, OOpa3s0BaHHbIM U3 &;z, MOyIUM 


[5 eS MeCiy (ee = fay Se E22) + Cre (Exx8yy + Exx€22 Eyy&2z) a 
3 
+ YoCaa (82y + bx + &y2) + RT No > cs In (cs/e) + e%po + 


s=1 


cs ) CoMw ein + Ya Dy Cie Pies 
s=1 Lis a 
ne Cy, Cis HW Cyy— MOJYIH yupyrocrH u ), = Yo + 
q Mi erp. 

Tak Kak Cx, Cy, Cz IpW MOBOpoTe KOOpsHHATHBIX 
cei Ha yroul, KpaTHbiit m/2 B MMOCKOCTAX xy, xz u 
Z, MpeoOpasylotcs Kak COCTaBJIAIOWIHe TeH30pa BTO- 
OrO paHra Qjp (Cyr, Cy, Cz SKBUBAJICHTHbI Qyy, yy, 
zz), TO Mpefbiyuiee BLIPAaxKeHHe MOXKHO TpelcTaBuTb 
HHBapHaHTHOM Bue OTHOCHTebHO 9TOTO MOBOpOTa 
OOPAHHATHHIX oOcel Puc. 4 


Pts Cys (840 Sy. S22) + Cre (Sxx€yy + Sxx@e2 + OyyOze) + 


+ 4/2Ca4 (ery + et, + E72) + Crp + Aycey, + 
+ RT No [Cex In (cx/e) + cy 1n (cy/e) + cz In (cz /e)] + 


r hs (Cx8xx + CyEyy + C2822) + 1/2 (cr a4 oy =e C2) Pir + (CxlCy+CxC2+ CyCz) Vie, (3) 


Me Po, Ar, Ae, Pu, Yr2—hyHKUMH TemnepaTypb *. 

_ PaccmoTpuM Teliepb jepopMupoBaHHbli nowuKpuctann. Hanpapum ocu 
(OOpAMHaT MO TWlaBHBIM OCHM 9IMMCOoM~a TeHsopa epopmaun. Torga 
l@PaBHOBeCHOe COCTOAHHe MOJIMKPHCTala, paccCMaTpHBaeMOro Kak H30Tpor- 
(Oe TENO, MOXKHO OMMCAT COCTABAAIONIMMM TeH3OPa MePopMaMN Exx, Eyy, 
oz (OCTANIbHBIe &;, PABHbI HYJIO) H apaMeTpaMH Cy, C,, Cz, ABMJAIONLUMUCA 
PeAHUMH SHAYEHUSIMH Cy, Cy U Cz (ycCpeqHeEHHbIMH TIO BCeM KpHcTavinam) **. 
: Tipu 3TOM Cy, Cy HM Cy IPH MOBOpoTe KOOpAMHATHBIX Ocefl Ha yrom, paB- 
bi 1/2, COOTBETCTBEHHO MpeoOpasyloTcA Kak COCTaBJIAIONWMe HeKOTOpOorO 
CH30Pa Axx, Ayy, Azz. AHanoruyHo (3) HepaBHOBecHad cCBOOOWHaA 9Heprua 
ONMKPHCTaWla, ABJAIOULErOCA TBEPAbIM PacTBOPOM BHeMpeHUA C OObeMHO- 
oo. KyOnuecKOH pellerKon, hod 


; Fy = Yo Key + p (exx ms Byy + &zz — Yeu) + 
+ kT N, [cx In (cx /e) + cy | n (Cy /e) + cz In (c;/e)] ie 
+ (By + Br €1z) ¢ + Be (cx Sxx + c4 eye ait Ee €22) + */2Bs (oh 7 as “te Cs 2) 4 
+ By (cy 2, + ac, oe Cy me (4) 


YpapHeuve THNa (3) 6e3 yueTa H3MeHeHHA OObeMa MPH pacTBOpeHHH HU MTOsxCc- 

3HHH pH ero BbIBOJe OLWIO mpegqoxeHO Ilongzepom (}, *). 

_** OueBuqHO, uTO B KaxKJOM KPHCTaJWIHTe U3 TpeX BOSMOXHBIX NOMOKeHHM 3a x-MOMOKe= 

ie! cileqyeT BbIOpaTb TO, B KOTOPOM BOSHHKaeT HanOosbiuee H3MeHeHHe KOHWeHTpauuit (m0 cpaB- 
MIO C H3M€HCHHEM KOHIeHTPalH B ApyrHx MOMOKeHHAX) MPH pacTAKeHHH Tela BUONb OCH 


i * ev) * 
AvasornyHO BbIOUpaloTcs y- u z-oNomeHUA. IIpH sTOMC, +c, + C,=C, 


* 
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re K—Moflyib cKaTHA, P—MOZYIb cyBHra. Ilocrosuupre B;, Kak H 
Wo Aa, As Wir Yao, HAXOMATCA M3 ONbITa. OpHako 4ACIeHHbIe 3HadeHHs 
By, 31, Bs, Bs H By MOJLKHI ObITh 110 HOPAAKY BeJIMYHHbI COOTBETCTBEHHO paBHBl 
YHCJICHHBIM 3HAUCHHAM Po, Ay, Ao, Pia H Wyo. B YacTHOCTH, Ja pacTBopa 
yrulepofa B a&-2Kele3e IPH KOMHATHOM TemMMepaType MO JjaHHbIM, IIpHBeseH- 
HbIM B (1%), A, = —0,91-10' quH/cm?, A. = — 0,87-10" auH/c?. 
O6o3HauHM 4epe3 Cx, Cy H Cz PaBHOBeCHbI€e 3HAYeCHHA BeMHYHH Cy, Cy H 
Cz, Ollpewensempie H3 ycoBua OF ,/Oc; = 0. W3 (3) u (1) Haxoqum ) 


Cp = OC Cy | On eC 
fi 


oS TH exp [0 Cy — by) FeXP [OC yy—8,,)1 ’ { 
(pepe (5) 
Lab expo(e7)— eer sesp ioe es) 
wee 
EINE, ° 


HampsxkeHue B MOHOKPHCTasvie Oy, Mp ero pac- 
| TAXKCHHH 0 OCH xX (OCTaNbHbIe 6;, = 0) HaxoquM 
u3 (3): 

OF , ; 
Ona ant ma Cys 8 + (Ci; == Cy) Gxx + Aye + Aol, = . 


XX 


a acm 203, ) ee 4 (Cu~Cu) 4 = Cre 


100 


Cu + Cis Cu+ Cr 


Ci + 2Ci2 | 
My ———~— Cx. 6) 
+ Ae Ci + Cie he (6) 

Penakcupyrouuii Mogyab IOnra E,,,—Mogyab TOnra B cocTrosHHH pa-| 
BHOBeECHA (pH MeAJIEHHOM JePOpMHpOBaHHH) HaxOJMM IlyTeM 3aMeHBI B (6) 


Cy Ha Cy= OC M Tocnexyiomero AudbepeHuuNpoBaHHA NO xx 
= 05.5 Cin 4 OCs a00, 


eb xx 


MWe Eyy) = Cy — 2Cig (Cy, +Cy2)1 — nepenaxcupyrommi Monynb lOura —_ 
MofyJb }Oura B HepaBHOBeCHOM CocTOSHHUM (pH ObiIcTpoM JeopMHpoBaHHh). 
Kak cuienyer u3 (7) u (5), pewakcupylouHii Mo- | 
hymb TOura c yBetHYeHHeM KOHICHTpallHH YyMeHb- 
maeTca, a C YBeMHYCHHEM HallpAKeHHH (Oxy = 
= Cio &xx —Cy2&yy) BO3pacTaeT, MpwONMxKaAcb kK 
CBOeMyY MaKCHMaJbHOoMy 3HaueHHIo F,,,. I[pu stom 
MMeeT Me€CTO CHJIbHad 3aBHCHMOCTb Ej.) OT KOHIeH- 13 
TpaunuH. Hampumep, mp cofepxkaHHH yruepora 
B a-rymKenese 0,01 Bec.% Ey) YMeHbulaeTca Ha 0004 % 7/99 
4,5%.IIpu strom 3aBHcumocTb Mopysia lOura oT KOH- Paes 
Ie€HTpauHu pH pacTAxKeHHH KPHCTada BAONb OCH Xx te 
OOyCJIOBIeHa TlepexoJOM aTOMOB yYrviepofa M3 SHepreTHyecKH HeBbITOAHbIX 
y- MW 2-MONOKeHHH B SHEPreTHYeCCKH BbITOMHOe X-MONOMKeHHE, YTO BbISbIBAeT | 
JONOJHUTebHOe yAJIMHeHHe OOpa3iia B HallpaBleHHH x. STO NposBsseTcA B. 
YMeHbIUeHHH Mopysa lOura. IIpu G6picrpom pepopMupoBaHHH, Kora aTOMbI 
yriepofa He ycileBaloT NepexOAHTb W3 OAHUX NONOKeHHH B Apyrue, MOLY Ab. 
lOura He 3aBMCHT OT KOHIeHTpauMH. Mogymb sBcecroponHero cxKaTHA mpaK- 
THYeCKH He 3aBHCHT OT KOHIeHTpalluu, TaK KaK IIPH BCeCTOPOHHeM cxKAaTHH 
QHEprHH aTOMOB B X-, Y- H Z-MONOKCHAAX M3MEHAIOTCH OMMHAKOBO. 
T'pacduyecku saBucuMocTb Ej), OT HallpaxKeHHA yz, HM300paxKeHa Ha’ 
puc. 2 cnomHol mMHvel, a Ey) —MYHKTHpHOM. 3aBucuMocTb paBHOBecHOii 
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KOHIeHTpallun yruepofa c,/c = o% OT Gy, H30OpaxKeHa Ha puc. 3, rae npH 
Gxx/Erg9 0,004 c,/c=c,fe=B=7 = e1=1/2,71. 
PaBHOBeCHbIe 3HaYeHUs KOHUeHTpauNli B NMoOMMKpHCTase Cy, Cy H Cz 


* 3 
HaxOQMM u3 ycopua OF »/dc; = 0, oTkyfa ompeyenaem Cy = a"c, Cy = Bre, 


eo * o 
6 = . a", B’, 7° Haxo_quM 10 gopmMynaM, avamorvuHDM (5), ¢ sameHon 
9 Ha Bo. 


B NOJHKPHCTaJ Je OObIUHO BBITOJIHAIOTCH YCJIOBHA 


| @ (xx — 7/3) |<<], | O(&yy — 7/3 &)| <1, | © (22 — */3 €) |<. 


B sToM cayuae us (4) wm (5) Haxofum cBoOofHyIO SHepruio NowHKpHe- 
Talia B COCTOAHHH paBHoBecua Fy, 


Fry = 4/2 Kei; + (u — Bc/6kTN,) (e?n — 3/3 871) LAT N¢ In(c/e)-+ 
+ (By — ATN, In3) c+ (Bi + 1/38) ces; + (Bs + 2B,) c?, (8) 


T. €. Mepepacmpeyesenve aTOMOB pacTBOpeHHOrO pBelllecTBa H3 OJHUX MOVIO- 
X%KeHHH B Apyrve, sHepreTHyecKH Oovlee BBITOAHbIe, B MONHKpHCTase Mmpo- 
ABJIAeTCH B YMCHbIICHHH MOyJid capura Ha BesuunHy B3(6kTN,) 1c. pu 
3TOM [pyre Mapamerpbl (HaMpHMep, MOLysb CxKATHA) TIpakTMYeCKH He 3aBH> 
CAT OT KOHIeHTpalHH. Cuaraemoe — B2c (6kTN,) + (22, —1/3€2,) B (8) xa- 
pakTepH3yeT BAMAHMe JehopMallHu uNcTOrO cA~BYra Ha pacipeflemeHHe KOH- 
WeHTpalluH. 

PaccMoTpHM paBHOBecHoe pactipefeseHve KOHIeHTpalMu BOKpyr ciepn- 
yecKoro BKJNOUeHHA paguyca R. Ha nopepxHocTH BKJIOUCHHA H3-3a pa3HO- 
CTH YjJeJIbHbIX OObeMOB BKJIOUCHHA H OCTaJIbHOM YaCTH Tesla co3faeTcs 
PpafvalbHaA COCTaBAIOMaA HalpAKeHHA 6; = Gy. 


YcOBHeM PaBHOBeCHOrO PaClipeseseHHA KOHICHTPalWH ABMAeCTCH MNOCTO- 
AHCTBO XHMHYCCKOLTO IIOTeHIWHaJla 


Qg= as = kTN, |Inc + (8, — kTN, 1n3) + (Bi + 7/3 Be) &x2 — 
— 2 (GAT Ng) (ek — "Js 8%) + /a (Ba + 2a) ¢ = const 
HJM TPH MaJIbix KOHILCHTpaluaAx 
¢ — c, = 6B2c, (GRTN,)-? (eh —2/s 08) — (Pr + 4/5 Bs) (ATNo) eu, (9) 


rye C) — KOHUeHTpaliua Ha OeckoHeuHoctn. Vs (9) u (*) HaxopuM 


peste | 1ieqes ee ame Sy 
we 7s? Ty Lams 16.2 (ETN cola 


&;=0, ta = EB (10) 


T. €. moO Mepe NpHOJHKeHHA K TOBeCpxXHOCTH ccbepuyeckoro BKJIIOUCHHA KOH- 


1 
WeHTpawuA BO3spacTaeT KaK ~ one 
VucrutyT MeTaslopbusHki Tloctynuuo 
LlentpasibHoro HayyHO-HCCJesqOBaTeIbCKOrO 27 XII 1960 
HHCTHTYTa YepHOH MeTaJuIypruv 
um. H. I]. Bapnuna 


UMTHPOBAHHASA JIMTEPATYPA 


1D. Polder, Phil. Res. Rep., 1, 5 (1945—1946). 2 A. Cuoe K, Hccnenosanua 
B OGaCTH HOBBIX (eppoMarHHTHEIx Matepuastos, WJI, 1949. %L.J. Dijkstra, Phil. Res. 
Rep., 2, 357 (1947). 4 JI... JIaugay, E. M. Juguun, MexaHiika CIVJIOMIHEIX cpeR, 
1953. 
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jflokaagmn AKagqemMuu nayr CCCP 
| 1961. Tom 138, Ne 2 = 


TEO®H3HKA 
Ser rAS 6h ¥ b. A. TBEPCKOM 


0 BJIMAHHM BHEWIHUX JPEA®OBbIX TOKOB 
HA MACHHTOPMAPOAMHAMMYECKOE CAMOBO3BY)KAEHHE 
- MATHMTHOFO MOJIA 3EMJIM 


( Mpédeniasaend axademuxom M. A. JIeonmoeuuem 30 XII 1960) 


1. Vccneqopanua c MoMOmbIO KocMMueCKHX pakeT H CiyTHHKoB (*) noKa3bi- 
BaloT, UTO SeMJIA OKPY2KCHA MOULHBIM MOACOM payallHv, COCTOALLUM U3 9JIeEKTPO- 
HOB C 9Hepreli B JeCATKM M COTHH KMJO9AEKTPOHBOUIBT. [[peiibya B HeoxHopon- 
HOM MarHHTHOM M0JI€, 3TH 9IEKTPOHbI CO3JalOT KOJIbICBOM TOK TOTO 2Ke 3HaKa, 
4TO H TOKM BHYTpM Sem. MakcuMadbHaa HalpAKeHHOCTh NOMA KOMbUeBOrO 
ToKa MOxeT pocTuraTp 400 ramm (?). 

BeuleqcTBHe BOSMYILCHHA BHelIHeli 3OHbI paqMalMH BO BpeMH MarHuT- 
HBIX OYpb TAK2Ke BOSHMKAIOT BHEIMHHe TOKM Toro xKe HallpaBseHUA, YTO H BHYT- 
pusemuble. OTH TOKH CyIecTBYIOT HECKOJIBKO CYTOK H co3faloT B paiione 3emn 
mole c ‘Hatps2KeHHocTbIo ~ 60 ram. 

OTMeTHM, HaKOHell, 4TO CyIeCTBOBaHHe BHEWHUX TOKOB TaKO“O HalpaBseHHA 
ObIsIO 'yCTAHOBIEHO HEKOTOPBIMH MCCeLOBATeAMM Ha OCHOBaHMM cibepHueckoro 
aHaJIW3a JIAHHbIX MarHHTHOH cbeMKH. HanmpsxKeHHOCTb BHEIIHErO MOA 10 STHM 
J@HHbIM BOH3H Semin ~ 1000 ramm. YKasaHHble pesybTAaTHI ObIIH MOCTaBJIe- 
HbI TO], COMHEHHe}; OMHAKO B CBeTe HOBbIX JAHHBIX (1,”) CyMlecTBOBAaHHe BHEIMIHUX 
TOKOB MOXKHO CUHTaTb JOKasaHHbIM. UTo x#we KacaeTCA 4YMCeHHOTO 3HayeHHA 
BHemlHero rowst’(1000 ramm), OHO npescTaBaaetca 3aBbiienHbim. (loqpoOunrit 
o63sop Mo cibepHuecKoMy aHaH3y reoMarHuTHOrO Moa co. B (3).) 

113 NpHBeeHHEIX BbILe JAHHbIX MOXKHO CAeaTb BbIBO, YTO SeMJIA OKpyKeHa 
[peHiosbiM TOKOM,. Houle KOTOpOrO BOSH SeMJIM MapaJeIbHO ee JMNOJIbHOMY 
MOMEHTY H MOXKET PacCMaTPHBAaTbCA KaK OfHOpOMHOe. CpesHee 3HayeHHe 3TOTO 
moa y Semsu, 0-BuauMomy, ~ 100 ram. 

Mpencrasnzerea BCPOATHBIM, YTO ApeHPoBbili TOK MOMepxKUBaeTCH 3a cueT 
HaMOJIHCHHA 3CMHOH MATHHTHOH JIOBYLIKH ObICTpbIMH 3JIEKTPOHAMH BO BpeMA Mar- 
HUTHEIX Oypb. IIporekaHwe MarHuTHBIX Oypb M MX 9HEpPrua oMpesensmorcs cou- 
HeYHOH AKTHBHOCTbIO HU BeJIMYMHOM 3eMHOFO AHMObHOTO MOMeHTa. Ecuim mpH- 
HATH, YTO COJIH€YHAA AKTHBHOCTh B CpeHeEM MOCTOAHHA, TO MOXKHO YTBepxXKLaTb, 
4TO CpeJHASA 110 BPEMCHH HAallpAKECHHOCTh MOJIA ApeHdoBbIX TOKOB BOH3H SemiH 
ONpeeIAeTCA COOTHOIMEHHeEM Ba 


M 
H, = 4 K(M), (1) 


re M — yunoupbHbtit Moment Seman; K — Gespa3mepuaa dyHkuua M (MHoxKH- 
Telb R = 3000 km — pagnyc 3emHOro Apa, BBeJeHHbIM U3 CooOpaxeHHi pas- 
MepHocTu). Tak Kak mo mepe pocta M yBeiHuMBaeTcs 9HePruA MarHUTHOH OypH, 
OnpeweisieMad Kak PaSHOCTh Mey SHeprMaAMM BOSMYULeHHOTO U HeEBO3MYIILeH- 
HOrO. Novel, Jom«KHa pacTu SHeprua, MepesqaBaemaa Tp STOM YaCTHIamM BO 
BHEIMHEM Tosce paguanun. Jlaee, mpm OOmpmux M cTaHoBHTCa BO3MOxKHbIM 
yepxanne yacTull B Ooubilem OObeMe. ITH tbaKTOPbI JOJMKHbI MpMBecTH K YCH- 
JIGHMIO TOKA H, CJlIeqOBaTeIbHO, Ho, TaK KaK IJIOTHOCTb JApeHoBoro TOKa Mpo- 
MOPUHOHAIbHa SHEP YaCTHI, a MOHAA CHa TOKA MpONOpWHOHaIbHa HX 
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nosHOMy 4HcAy. C Apyrol cTopousbl, mo mepe ysermuenua M Apetiossrit TOK 
B cpefHeM yasimeTcaA OT Semi, TaK KaK IWIOTHOCTbh ero O6paTHO nporio pwo- 
HaJibHa BHeWIHeEMy MOVJII0. 

TlomHpmt yueT Bcex 9THX akTopoB BOSMOXKEH JIMIIb B MOZpoOuol Teopun 
BHEIIHeH 3OHbI payuauuu. B nacTosulen paOoTe paccMOTpeHbI HEKOTOpHIe culeq- 
CTBHA COOTHOWeHHA (1), mpHsem mpeqnonaraetca, uTO a re yaanenus 
TOKa OT SemuH Ho pacteT MegieHHee, uem M. 

2. C TeyeHHem BpeMeHH nome Ho mponuKaeT B 3emHOe agpo. Bsaumojeiicr- 
BYA C KOHBEKTHBHBIMU JBYXKCHHAMH IIpOBOAAMIHX MaCC, BHellIHee Mole MOxKeT 
TIPH OMpefeeHHEIX YCOBHAX HHAYMMPOBATh LONOJHUTebHbIM QMIOJbHbIA MO- 
MeHT M’, ycusMBatonulHli oOmlee Mose, UTO, B CBOIO O¥ePeb, MOXKET yBeuH4HTE 
Ho, 4 T. a. B 9Tom cay4ae HacTymaeT camoBo3sGy2KeHHe, 

EcaM BOCNOMb30BaTbCH PacIIpocTpaHeHHOM aHasorvelH c AHHAMOMAIIHHON, 
MOXKHO CKa3aTb, YTO BHEIUHAA 30Ha palMallMu urpaeT pOJb cTaTOpa, a’ KOHBeK- 
THBHOe Apo — poTopa. OOpaTHasr CBASb OCYIECTBIAeTCH MATHHTHBIMH OypaMmu, 
HarHeTaiollluMH 4aCTHUbl B MArHUTHY1O JIOBYLIKy. 

Ja Kaxkoro THMa KOHBeKTHBHBIX TeyeHHH (B MpeHeOpexeHHH OOpaTHbIM 
BJIMAHHEM MOJIA Ha JBYXKeHHE) CYINeCTBYeT JIMHeMHAaA 3ABHCHMOCTb Me%KLy KOM- 
TIOHEHTAMH BHEIUHeErO NOA H HAAYUMpyemoro JMMObHOrO MOMEHTA: 


Mae Git R® Hog. (2) 
B wacTHOCTH, eC TeYeHHe AKCHasIbHO-CHMMETPHYHO OTHOCHTebHO Ho, To 
M’ = gR? Hy. (3) 


KoogdulvexT g B 3aBHCHMOCTH OT XapakTepa TeYeHHA MOMKET IPHHHMaTb 
BCEBO3MOXKHbIe 3HAYCHHA, HAYHHad OT —2 (B CyYae pasBHTOH H30TPOMHOH 
TYpOYJICHTHOCTH, KOrla BHeIUHee MOe BbITeECHACTCA H3 X2KHKOCTH) BHJOTb JO 
CKOJIb YFOXHO OOJbINHX MOJIOMKUTEIbHbIX HCE. 

B 3aBucHMocTH OT g H & nepBoHayasbHo ca6oe Mose OypzeT HOO 3aTyXaTb 
(pH MaJIbIX q), HOO BOSpacTaTb. ITH OOaCTH 3HAUeHHH & u q pasfeeHbl Mex- 
wy coOo HeKoTopoli KpuBol k = k(q), cooTBeTCTByIOWeH COXpaHeHHto cTallHo- 
HapHoro mous. 

JlerKo BuseTb, 4TO ecu kg = 1, To u3 (1) u (3) cnenyet, uTO M = M’, u paccmort- 
PeHHble BbIMIe Mpolecchl MOryT MOMep2xXHBaTb MOCTOAHHOe BO BPeMeHH MarHHT- 
Hoe Mose. CreOBaTeIbHO, YCJIOBHe CAMOBO3OyXTCHHA CBOANTCA K HepaBeHCTBY 


ope. (4) 


IIpu cyenaHHbIxX BBbILe MpeANOIORKeHHAX OTHOCHTEJIbHO 3aBHCHMOCTH R 
ot M scerja cylecTByeT O6acTb AOCTaTOUHO MaJIbIX 3HaVeHHH M, np KOTOpLIx 
HepapencTBo (4) BbimotHAeTCA. CamoBo3OyxKeHHe TposomKaeTcH JO TeX Nop, 
loka M ue mpumet Takoro 3HaueHua Mo, uTo 


k(M,) =—. 


3. Ecau npuuatb, sro H, = 100 ramm, ucuntatb, uro M Kk HacToallemy 
BpeMeHH IIpHHsAJIO 3HayeHHe Mo TO MbI nosyuum, sto k(M,)~ 104%, a q~ 
~ 10*>1. Huxe paccmotpen mpocteliini mpuMep TeyeHus, NpH KOTOpOM 
gq MOxeT ObITb OYeHb OOJIbUIMM MOJIO%KUTEbHBIM YHCJIOM. 

Ilyctb B Hefpax YpaBHTHpylollero Wapa, OfHOposHOrO MO cocTaBy, 
TOA OOMbIIHM aBJIeEHHeM MpOuCXOLUT a30Bblli Nepexoy BelllecTBa B MeTaJ- 
JIM3MpOBaHHOoe COCTOAHHe (OTMeETHM, TO SHEPrUA C2xKATHA B WeHTpe Semsu B 
TiepecueTe Ha OHH aTOM~20 938, 4TO JOCTaTOUHO JIA HWOHH3ANHH OOJIb- 
WIMHCTBa 2uieMeHTOB). [Ipu HasM4HH OTPHIaTebHOrO rpaywHeHTa TeMMepary phi 
we BOS3HHKHYTb KOHBEKTHBHbI€ J[BHXKCHHA, OXBATbIBAIOWIMe Bech Wap. 

AHaKO MarHHTOrHApoOwMnamHyecKue apekTbl HIpaloT |pOJb JIMHIb B ape 
13- -3a MaJIOH MpOBOJMMOCTH BeleCcTBAa B OOOJIOUKe. 
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EciH KOHBCKTUBHbIe TeEYeHHA HUMeIOT KBaAPyHOJIbHY!IO CHMMeETPHW, a Pa3- 


MepPbI Spa HeBeHMKH, TO JBHXKeHHe B HEM B I[MJIMHApHueCKHX KOOpAHHAaTAaX 
uMeeT BHI: 


V2 = 2V Ve Ve ee era (5) 


0 7 ’ oR? 

OueBHHO, UTO HaBOAMMbIMA TaKHM TeYeHHeEM JHIIOJIbHbIM MOMeCHT MO2KHO 
OUeHHTb, paccMoTpeB TeveHHe c MoTeHUMasom (5) He B Ilape, a B UMAMHApe 
WU BBIUHCAHB 3aTeCM JIMMOJIbHbIM MOMeHT COOTBeTCTBYIOINero yuacTKa IWHJIHH- 
ipa BOIM3H Hayasla KOOpAHHAaT. 


Tlepexoia K. 3afaye 0 IMIMHpe, MomoKUM, 4TO TaM, rae o=— 0 (mpH 


O0O<r<R), pacmpefemenve cKopocteH jaeTca opmy 0% (5) Hw uTO Ha Oec- © 


KOHEYHOCTH CyLeCTByeT OfHOposHoe MarHHTHoe none H,=H,. Pemenne 
ypaBHeHHlt 


4m 


rotH = i [VH] (O<r<R), (6) 
0 (n> R); 
divH =0, (7) 


KOHe€4HOe B HyJe, HeMpepbIBHOe Ha TpaHulle H Nepexoyamee Ha OecKoHed- 
HocTH B H,, uMeeT BHI: 


Hie Hoe 305 
hex ie (1—r2/R) (0 < r < iR) (8) 
Hy rN), 


rye 4 = 206 V5R /c. 
J[unobHbIi MOM€HT CJHHHUBI JJIMHbI WHIMHApa onpeyensetca HHTerpH- 
1 
pOBaHHeM BeJMYHHBI <-[rrotH] mo ceyenuio 


M, =*- H, (e— 1). (9) 


_ Orcioxa BHAHO, 4YTO NpH AocraTouHO OobDWIMxX A aqpo OyfeT HHAYUMpO- 
BaTb JHMOJIbHBIM MoMeHT M’ ~ H, R%e%, T. e. 


q~er. (10) 


IIpopofuMocTb MeTaJuia C TpaHHuHOH 9HeprHel Pepmu ~ 20 9B pH 
temnepatype 3000° 6ygzer~ 10!’. Cxopoctb tTeyenua V,<+10 cm/cek (mpu 
3TOM Mose ~ 10 rayce nepecraer BJIMATb Ha BEDKeHHe). ere TOJIO2KUTb 


R~ 1000 xm, To g ~ 1010909 uto, pasyMeeTca, Gomlee YeM JOCTAaTOUHO AIA 
CaMOBO30y XAeCHHA. 


He HCKJIILOUCHO, UTO Pe€aJIbBHbl€ TEUCHHA B 3CEMHOM Ape TAKKE XaAPaKTEPH3yIorT- — 


ca g > 1. Ecau 3To Tak, MpeloweHHbIM M€XaHH3M cmocoOeH OOBACHHTD pA 
XapaKkTepHbIX OCcOOeHHOCTeH MATHUTHOTO Noa SemMJIH, B TOM 4HCIe BLICOKYIO 
CTelleHb ero CHMMeTpHH. 


B sakJIOUeHHe MOJIb3YIOCb CYYAeM BLIPASHTb CBOIO r1yOOKY10 IIpH3HaTeVIb- 


HocTb axa. M. A. Jleontosuay u mpod. J]. A. Ppanx-Kamenelkomy 3a HH-— 


Tepec K paOoTe H MOLOTBOpHoe oOcyxKeHHe pesysbTaToB. 

Mockosckuit rocyapcTBeHHbIii yHHBepcHTeT Tocrynuno 

uM. M. B. Jlomonocoga 2 XII 1960 
WMTHPOBAHHAA JIMTEPATYPA 

1c. H. -Bephos, A’ C. Oypaxop,. Yen. (Gus5 sHayKyg70)) Doo moor 
*Cil. Tiomrunos, -H. B. [lym x'os; TAH, 129, 77 (1959). *.S5.S hea pi mi amie 
J. Bartels, Geomagnetism, 2, Cambridge, 1953. 
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Woxrxzagn Akanqemuun nayr CCCP 
1961. Tom 138, Ne 2 


TFEO®H3HKA 


Axkanemuk B. B. LWIYJIEAKHH 


3HMHHH MEPEHOC TEMJIA C OKEAHA H I®OEKTHBHOE 
H3JIYUEHWE TPH CJIOWKHOM CTPOEHHH MOBEPXHOCTH 
MATEPHKA 


HeoOnmaiino Teniad 3HMa TeKyllero rofla 3acTaBJIAeT COCpeMOTOUNTH OCOG0e 
BHMUM@HHe Ha TEINJOBLIX MOTOKaX B aTMocdepe c ATuaHTM¥ecKOrO OKeaHa Ha 
coelMHeHHbIn Esponelicko-AsuatcKni MaTepuk. B cBa3H c 3TMM MIpHxomuTca 
COKAaeTh O TOM, 4TO 3a MocIeqHHe 8-9 JeT He NOMYIHIH pasBHTHA HallIM Hc- 
CJleOBaHHA 3HMHUX TeIJIOBbIX MOTOKOB C OKeaHa, OMYOJIMKOBaHHBIe B BLE Mep- 
BOHaYaILHOM Cxembl ele B 1952 r. (1). B wuTHpoBaHHOl cTaTbe OblIO uCceL0- 
BaHO 3MMHee TeMIlepaTypHoe Mole Hay, MaTepHKOM H Hall MOPeM IIpH mM0cKoH 
TOBepXHOCTH MaTepHKa H IIpH MepeMeHHOM 3HAYeCHHH yCJIOBHOTO KosdpuUMeHTAa 
Tensonpopofuoctu K, 

TlexTebHbIM COM aTMOcdepbl paccMaTpHBaJICA KaK HeKOTOPaA TeHKa, 
oOjeraioujad SemJi0, clocoOHad MpOBOANTb TeMJIO BLOMb NMOBepXHOCTH MaHe- 
Tbl H OMHOBPeMeHHO M3s1yuaTb Teno. BMectTo TemmepaTyp MJIeHKH B pa3JIHUHbIX 
ee TOUKAX paCCMATPHBaNOCh MpeBbillieHHe T TemMepaTypbl Ha TOM, KOTOpAaA 
HaOwOflaacb Obl B TOM 2%Ke TOUKeE IPH YCTaHOBHBUIeMCA TeMJIOBOM paBHOBeCHH, 
ecH Obl OTCYTCTBOBAIO MOcTyleHve Telia C OKeaHa Ha MaTepHK. 

C jlocTaTOUHOH TOUHOCTbIO MOXKHO CYHTATb, YTO IpeBbIeHHe T NpHBOLHT 
K JONOJHHTeIbHOMY 9SddpeKTHBHOMY H3J1y4eHHIO OT, rye O — KooppHUHeHT, 
AerkO ONpeseAeMbIM XOTA Obl H3 ONbITOB C AKTHHOMeTpoM Tuma Muxempcoua. 

Buio OOHapyKeHo, YTO TemMepaTypHoe Towle B «MJIeHKe» Ha MaTepHKOM 
culeqyeT OMHChIBATh YpaBHeHHeM, KOTOPOe OJHOBPeMeCHHO YUHTbIBAaeT 3:PpeKTHB- 
Hoe H3yYeHHe Tp MOCTOAHHOM 3HaYeHHH O H YCJIOBHY!0 TeMVJIOMNpOBOLHOCTb 
TIpH MepeMeHHOM 3HaueHHH Koodpuunenta K. Ecau matepHk wmeeT cbopmy 
Kpyra, TO CaM YCJIOBHLIN KOS*pPUUHEHT TenMONpoBoAHocTH K c AocTaTouHOH Ha- 
Je@xKHOCTbIO MOKHO BbIPASHTb opmMysiou 


K = nr’, (1) 


re 7 — paccTosHHe OT WeHTpa Kpyra JO uccselyemMol ToukH. Obdmlee Audde- 
peHlHasbHoe ypaBHeHHe TeMMepaTypHOrO TOI B NOJAPHbIX KOOPAHHaTax 


K d*t/dr? + (K/ri-- dK /dr) dt/dr — ot = 03 (2) 
mpuoOpetaet c yuerom (1) mpocryto dopmy 
rd*t/dr? + 3r dt/dr — or = 0. (2’) 
Muterpan (2’) qaer pacnpegenenue T BUOJb pafuyca MaTepuKa R: 
t/6 = 0,841 r/R, (3) 


upuuem § o6o03Hay¥aeT TemMilepaTypy BOSMyYWIHOH «IJIeHKM», OTCUHTaHHYIO OT 
Halllero YCJIOBHOrO ypOBHA, Ha BeCbMa OOJbIIOM yaJleHHH OT MaTepHkKa. 
B wacTosmlel cTaTbe mposouKNM HcceqoBaHHe cxempl (1) NpHMeHHTebHO 
K HEKOTOPLIM KOHKPe€THBIM YCJIOBHAM HM BCKPOeM (U3HYeCKHH CMBICI CBA3H MEX- 
Jy MepeHocom Tera Bray6b MaTepHKa H acpdeKTHBHbIM H3/1y4eHHeM B TOL dope, 
B KaKOM OHA BbIABHIaCcb B padore (7). — 
Ha pwc. | npegzcTaBuleHbl TemlepaTypHble H3aHOMAJIbI BO3AyXa JIA CepeqHHbI 
3umbI B ApcTpaauu. [pu kax ol H3 CIJIOWIHbIX KPHBbIX IOM€4eHbI COOTBETCTBYIO- 
‘uMe OTKJIOHCHHA CpeHeH MeCAUHOH TemMMepaTypbl OT OCpeHEHHOM MO Mapau- 
'jleiH Ha aHHOM wWupoTe. Xopowo BHAHO, Kak OYepTaHHA W3aHOMaJ CXeMaTH- 
-4eCKH BOCIIPOH3BOLAT O4epTaHHA OeperoBo JIMHHH — MOTOMY, 4TO ycTpolicTBO 
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noBepxHocTH ABcTpasMH BeCbMa IIpocToe, H MOTOMY, YTO NepeHoc Tela C OKeaHa 
Ha MaTepHK TYT IIpoucXOsHT Mo Mpoctelimiemy 3akoHy: Ha cpeqHelt wiMpore ABcT- 
paHH wpakTwuecki 
OTCYTCTBYeT H MaccaT- 
Has, H 30HaIbHad Wup- 
KYJIAMMA ATMOCHephI, a 
olpeyeisiouleh ABIA- 
eTCH MyCCOHHaA WHp- 
Kysauua. Kak u cue- 
JOBaIO O*KULATb (*), B 
TaKHX YCMOBHAX Moe 
W3aHOMAaJI OKa3aJIOCb- 
COBepLIeHHO aHaJIOruy- 
HbIM MOJIIO KJIHMaTOJIO- 
rHuvecKHxX H300ap, Ha- 
HeCeHHBIX Ha puc. | 
IyHKTHpom. O6e cucTe- 
Mbl KPHBBIX TepeHece- 
HbI Ha plc. | c cooTBerT- 
cTBy1ollux KapT Mop- 
ckoro aTaaca (°), HO B 
HHO MpoeKiHH, obec- 
Puc. 4 neu HBIUet MeHbIee 
HCKaxKeHHe KPHBBIX. 
Ha pune. 2 u300paxkeH MepHMOHAJIbHbIM paspes nona, IipHueM Ha OCH OpAu- 
HaT IIpOCTaBJICHbI 3HaYeHHA T AOCOMIOTHLIX AHOMaJIMA TemnepaTypbI, T. e. mpe- 
BbIMIeCHHA TeMIepaTypbl Had’ TEM 3HAYeHHEM, KOTOpoe yCTaHOBHJIOCb Obl npu 
OTCYTCTBHH TeIJIOBbIX TIOTOKOB C OKe€dHa. Ilyuxtupnaa KpMBaa Hu300parKaeT H3- 
MeHeHHA aTMOCdepHOrO aBIeHHA IIpH yya- 
JI@HHH OT OKeaHa K WeHTpy MaTepuKa. Xox 
o6eHX KPHBBbIX BIOJIHE COOTBETCTBYeT OCHOB- 
HOMY ypaBHeHHIO MyCCOHHOrO Moa (?) 


grad p = —II gradt_. (4) 


IIpuH 9Tom u puc. 2, H puc. 1 mo3BomsAIOT CUH- 
TaTb, uro II = 1,5. Hanomuum, 4To B paze 
paOoT, OTHOCHBINMXCA K ycnoBHam Espompl 
wu A3uu (?), OblIOo NOoMyueHC MOUTH Takoe »%Ke 
3HaueHHe II = 1,6. 

Virak, mpoctetiuime MecTHBIe ycJOBHa, 
ocylecTBIslomveca B ABCTpasIHu, mpHBemH 
K JIMH€HHOMY 3aKOHY YMeHbINeHHA T B HanpaBMeHHH OT GeperoB K LeHT- 
py MaTepuka. Tobko B HEMOCpeCTBeEHHOM COCeCTBe C WeHTPOM STOT TipocToH 
3aKOH CJlerKa HapyllaeTca (M0 BCeH BepOATHOCTH, MO BIMAHHEM He YUTeHHbIX 
COCTABJIAIONIAX TeMIOBLIX MOTOKOB). HamHaHe Takoro JIMHeHHOTO 3aKOHa H3- 
M€HeHHI T YKa3bIBaeT Ha Upe3BbIaHHO HHTeEPeCHYIO CBA3b Mey KosppuHen- 
TOM 2 B (1) MH KoadPuuMeHTOM O, XxapakKTepH3y1oulMM 3sdpeKTHBHOe U3TyYeHHe 
HallieH «aTmocdepbi-mieHku». MmeHHo, 3fecb n = 1/30 HM, CeMOBAaTeIbHO, 

K ="/3 067°. (5): 
Ora CBA3b, NowyyeHHas B (1), MoxKeT NOKasaTBCA HeEORKUMAHHOM, OwHakoO ona 
COBeEpINeHHO eCTeCTBeHHAa: yCJIOBHA (5) TOBOPAT TOJbKO O TOM, UTO 6ce menao, 
nocmynaruwee C OKeAaHA Ha Mamepuk, HeusbdexKHO NOAKOCMbIO pacxoOyemca Ha 
sppekmuenoe usayrenue OeamenbHoeo caoa ammocgepsi Had amum mamepukom 
He3aBHCHMO OT Toro, KaKHM IlyTeM MepefaeTca Teno B HaNpaBsIeHHH OT SeperoB. 
okeaHa K IleHTpy MaTepHKa: NYTeM aJBeKILHH BOSAYINHEIX Macc HIM MyTem Typ- 
OyJIeHTHOTO TlepeMelllHBaHHa. 

Tlocmorpum Temepb, Kak MeHseTCH 3MMHee TemMepaTypHoe noe Haq MaTe- 
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Puc. 2 


{KOM NO], BJIMAHHEM CIO*KHOLO CTpoeHHA NOBepxXHocTH. UTOObI HCKJHOUHTb BIMA- 
ie IIMPOTbI MeCTa, pacCMOTp¥M paspes coesuHeHHOrO EBponelicko-AsuatcKoro 
iTepHKa BAOMb Napasienu p = 67°33’, npoxosamet 61u3 MoOca XOsoa. Boc- 
JIbSOBaBIUMCb H3OTEPMaMH, HAHeECeHHBIMH Ha KapTy Bospllloro coBeTCKoro aTuia- 
iMupa (*). noyauM Ha IpoTaxKeHUn oT noGepexba Bapentesa Mops Jo nobepe- 


ba UyKOTCKOro MOpA KpHBY10 H3MeHEHHA TemilepaTyp, H300paxKeHHYy!0 Ha puc.3. 

Tobepencoe 6 

Sapenyoda 
MopA 


—20 
Spanecruy 


xpebem 
iit Mobepemw be } 
YyKOmcKozo 
MOpA 
JanadHo-cubupcxas 
HUIMeHHOCTI’ -98 
fope: Nymopana ~ 392) 


—J6 
POxaeupCKOe 
NOCKOEOPbE 


GepxosucKuu Tpebem 
Ko76/MCKIA 


HUIMEHHOCIIb 


Xpebem Yepcxoea 
-48 


BeprosHen cas 
-J52 
ji SS ee 
69 60 60 120 120A -> 140 160 180° 
Pue. 3 


JleCb Ha OCH aGcILHcc OTMEYECHBI JOJIFOTHI, a Ha OCH OPAMHAT — 3HaUeHHA TemMepa- 
yp Bosyyxa, Hayao KoopsuHAT NpHHATO Ha Jonrote Bepxosaucxa. Ilo nanpaBue- 
MIO K HeMy H OT 3amagHOro, HW OT BOCTOUHOrO NoGepexKbA TemMepatypa nayaer 
(© OCJIOMKHEHHOMY 3aKOHY, a He TO JIMHeHHOMY, HaOsIOaBUlemyca B Cyuae 
\BCTpasiuH. B3risHyB Ha HaMHCH, MpoOcTaBJIeHHble OJIM3 BbITYKJIbIX H BOFHYTBIX 
WaCTKOB KPHBOH, JI€rKO NMOHATb, YEM BbIZBAHbI OCJOKHEHUA: YpasibcKHH xpe- 
eT, roppt Ilyropana, BepxosucKul xpeOer, xpedet Uepcxoro, KOxarupcKoe 
MOCKOropbe CoO3fasIH BbINYKIOCTH KpHBOH B MOJOXKUTeIbHOM HallpaBseHHH 
PAHHAT; MpOMExXYTOUHbIe HH3MCHHOCTH, paBHHHbIl, OOYCOBHH BOTrHYTOCTH 

NOJIOMKUTEbHOM HalpaBJIeHHH OpAHHAT. 

Tloka TpyQHO aHamM3upoBaTb KpHBYIO plc. 3 110 MeTOLY, H310x%KeHHOMy B (2): 
TOT MeTOJ, B COBPeMCHHOM COCTOAHHH He MO3BOUIAeT elle YYeCTb POb TeMJO- 
bIX NoTOKOB c CesepHoro JlefoBuToro oKeaHa, KOTOPbIe CKa3bIBalOTCAH 3HMOM 
apayly c NOTOKaMH aTMaHTHYeCKOrO HW THXOOKeaHCKOrO IIpOncxXoweHuA. 3aTo 
erog (*) yxKe cefiuac NO3BOHeT BLIACHHTb (pPH3H4UeCCKHH CMBICJ BbIMTyKIOcTeH 

BOrHYyTOCTeHi Ha KpHBOH pc. 3 mMOce paccMOTpeHHA COBCeM MpocToH IpHH- 
MMWabHOH CXeMbI ABJICHHH. 

| JonycTuM, 4TO Of BAHAHHeM TeMJOBbIX TOTOKOB C OKeaHa 3HMHee TeM- 
2paTypHoe Mose Ha KpyrJioM MaTepuke paguyca R xapakTepu3yerca KpH- 
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pol J Ha puc. 4 (r—paccTosHHe OT WeHTpa MaTepHKa 0 wuccaepzyemol 
TOUKH oa). Opfunatal KpHBoi / BbipaKka- 
1OT 3HaveHHA t/tr, Tye T—TemMnmepatTypHa 
aHOMaJIHA B UCCelyeMon TouKe (”), atp 
TeMllepaTypHaaA aHOMaJIHA Ha Oepery. Ora 


t=<ar—Dsiipre © (6) 


pH wacTHOM 3HayeHHH a/bp=1,5. Tox: 
CTaBUB BbIpamkeHHe Tt H3 (6) B (2), NonyuN 
nudbepentinanbHoe ypaBHeHHe, BbIpaxKaro- 
Ile€ HOBYIO 3aBHCHMOCTb MexKIly YCJIOBHbIV, 
KOS@HUHEHTOM TensONpoBopzHocTH K wu Ko; 
OpfHHaToH fr: 


0 Tes 050 Q75 ‘100 
“| — Kb p®sin pr + (K/r + dK/dr) (a— 
Puc. 4. — bp cos pr) — car + sbsinpr=0. (7) 
a r 
Jina ynpowleHua Bua (7), BBeqeMm OOo3HayeHHaA: bp Oe on = XxX; 
K 40 5__ 4 ee 
ap = 4 sR? = 37" Denia y. Torga BMecto (7) 3amuuetca 
dy 1 sin x Sit ie Ce | 
4 (54+ Sea)a+ c— cos x gale 3 
MuterpuHpopanue (8) jaet 
__ V3 ex*-+-cos x — sin x/x 
ea c — cos x ‘ G 


BpuxcsieHua, mpoBezenupie mo (9) npHmMeHuTenbHO K 4YacTHOMy 3HayeHHK 
c = 1,5 cooTBeTcTBeHHO KpHBoH /, TanH pacmpeyeseHHe HCKOMBIX BeJIHUHI 
mo KpHBol 3 puc. 4. Ha ocn opa~MHaT oTMeyenbl 3HaueHHa K/Kpr, mpHyem K — 
YCJIOBHBIH KOSPPHUHEHT TeMJIONPOBOAHOCTH Ha paccTOAHHH Ff OT WeHTpa MaTep Hi 
ka, aKp—na Oepery oxeana. Ja cpaBHeHHA C KpHBOH 3 Ha TOM Ke pHCyHK'! 
BblyepyeHa KPHBas 2, KOTOPaA COOTBETCTBYECT MpOCTOMY. COBepIeHHO MJIOCKOM! 
maTepHky. Kak BHJHM, BBIIYKJIOCTb Ha TemMepaTypHOH KpHBoH J puc. 4 BOs 
HUKJIa OarosapA pe3KOMy MeCTHOMY YMCHbIUIeHMIO yCJIOBHOrO KoS*puLneH 
TeNMONPOBOAHOCTH K 0 CpaBHeHHIO C TEM 3Ha4¥eHHeM, KOTOPOe XapakTepH3¢ 
BaJlO Obl COBEPUICHHO MIOCKHH MaTepHK. B mpHpose Takoe MecTHOe yMeHbIICHH 
KOSPHUHEHTA YCJIOBHOH TEeMMJIOMpOBOAHOCTH MeATeMbHOrO CJIOA aTMOCdepl 
BbISbIBAeTCA TOPHBIMH XpeOTaMUu, KOTOPble yMCHbLUWAaIOT KOJIMYeCTBO Tena, Mpc 
HUKarollero C OKeaHa B riyOb MaTepHka. B CoOTBeTCTBHH C OCHOBHOM CBA3b 
Mey Tellonepeqayer HW adcbeKTHBHbIM H3J1y4eHHeM Telia (CM. KYPCHB Moc. 
gopmysi (5)), Mbl Moxwkem celigac yTBep»%KaTb, 4TO TenM0, He oOmyuleHHO 
B ruiyOb MaTepHKa, H3pacxofoOBaHO Ha yBewIM4YeHHOe SdpeKTHBHOe H31yYeHH 
B IIpHOpexKHOM nosce MaTepHkKa. Takoe yBesH4eHHe HeH30eKHO: MpH ylasleHup 
oT Oepera oKeaHa TemMepaTypa (corsiacHo KpHBoH /) maqaeT MeqeHHeH, 4e 
ayaa Obl B yCJOBHAX OTCYTCTBHA TopHoro xpeOTa,— NO JMHEHHOMY 3aKOHY 
M30OpaxKeHHOMY OTpe3KOM UITPHX-IyHKTHpHOM MpAMol Ha puc. 4, 
HccneqopanHad TpHHIMMvasbHad CXeMa OMHCbIBACT ABJICHHA, XOPOLIO Ui} 
BeCTHbIe B yculioBHaAX UepHomopckoro nobepexba Kppbima, Kapkasa 4 Apyry 
AHaJIOPHYHBIX paHoHOB. Ona pasbxacHaeT (H3HYeCKHH CMBICJ BbIMTYKsOCTeH 
BOrHYTOCTeH KpHBOH Ha pic. 3. 
Tlocrynuio 
16 II 1961 
LIHMTHPOBAHHAH JIMTEPATYPA 
1B.B. Wyaefukuu, JAH, 83, N 3, 389 (1952). *%B.B. WlyaeaKun, Kpa 
KHH Kypc (bu3HKH Mops, 1959, crp. 296—300. * Mopcxoit ataac, 2, kapTbi 43-B, 45-B, 19 
* Bombo coperckuit atiac Mupa, 1, Kapta 30, 1937. i 
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Jloxuauagmn AxkagemMmun nayr CCCP 
1961. Tom 138, Ne 2 


KPHCT AJJIOTPA®H f1 


ll. M. 30PKHH u M. A. TMOPAH-KOWHL 
PACUET CTPOEHHSH CJIOEB B KPHCTAJIJIAX 
AMMETHJITJIHOKCHMATA HHKEJIA HA OCHOBE TEOPHH 
NJIOTHOM YNAKOBKH MOJIEK YJ 


(ITpedcmaeaeno axademuxom H. B. Beaoeoim 18 I 1961) 


A. WU. Kuratiropoxcxuit B paOorax (',”) JoKa3a, uToO HEOOXOAHMOH Xapak~- 
PHCTHKOH MOJIEKYAPHBIX KPHCTAIJIOB ABJIA€TCA MOCTATOUHO BbICOKAaA IWIOT- 
OCTh YMAKOBKH. OsHakKo B HACTOAUIee BPCEMA PaKTHYECKH He CYyLecTByeT CMO- 
60B OTLICKAHHA HEYIIOTHAeCMBIX PaCHOMOKeHHH Tel B MpOcTpaHCcTBe H @uH- 
yp Ha mviocKocTH. B uTore, paccMaTpHBax Ty WIM HMylO yMaKOBKY B KpHCTAaJI- 
2, MbI HE HMCCM BO3MO3KHOCTH CYMTb, ABJIAeTCA JIM OHA HeYMJIOTHAeMOH, H, 
JIM HET, TO HaCKOJIbKO H 4eM pe- 
JIbHaA YaKOBKa OTJH4aeTCA OT He- 
naioTtHnemon. Mexiy Tem 6e3 peute- 
MA TOTO BOMpoca HeT BO3MO%KHO- 
TH ACHO pefcTaBHTb ce6e MpHuH- 
bl, ONpesleaioulwe CTpoeHHe Mo- 
CKYJIAPHBIX KPHCTaJJIOB. 

Hamu paspaOotan rpaduueckuit 
eTOR OMpeseieHuA mwoTHeHUIHXx 
ACMOJIOKeHHH PUTyp Ha MJIOCKOCTH. Pa Oe ae 
AeTO, JjaeT BO3SMOMKHOCTb HaliTH 0 25 50 2— 75 100 A 
JOTHCHIIHeE pellleTuaTLle ynaKOBKH 
TYP MIpOH3BOuIbHOH opMBI, Kora Puc. 1. []nomagu aueek S BOSMOKHEX MAOTHBIX 

s 2 pacnoloxeHHi mpH Z = | 
; SIEMEHTAPHOH AYelKe COsepxKUTCHA 
ie Oomee AByx cduryp (Z < 2). 

B nactTosiel paOote STOT MeTOX OblI IpHMeHeH K pacueTy yMaKOBKH B cul0e 
IOCKUX MOJIEKYJI AHMMeTHTIMOKCHMaTa HuKeNA. M3 WaHHbIX peHTTeHOcTp yK- 
YpHOFO aHaJI43a MOHOKpHcTas0B (3) OblO HCMO/Ib30BaHO JIMIIb TO OOCTOATEIb- 
TBO, UTO CTPyKTYpa COCTOHT 3 CJIOeB, COBMaaloulWX C MIOCKOCTAMH mm, B KO- 
OpbIX pacmosmaraiorca mwocKHe MoueKyubl. IloceqHee NO3BOHIO ONHpaTECs 
la MeTOMMKy, paspaOoTaHHylo Jia JByMepHoro cayuaa. 

J\ia MpoBeeHuA pacueTa HaMH Obla HCMOb30BaHa MOJeb MOMeKYJBI C 
MMMeTPHel Mmm, NOCTpOeCHHaA Ha OCHOBAHHH OObIMHO BCTpe¥alOuUXxcH 3Ha- 
‘CHUM Me*KaTOMHBIX PaCCTOAHHH, BaJIeHTHBIX YIJIOB H Me?KMOJICKYJIAPHBIX pa- 
\aycos (7). Paccroanue Ni — N u yron N — Ni —N B netasnounKne Oniiu 
iSATLI B COOTBETCTBHH C JaHHBIMM CTPYKTYPHbIX HccmeqoBaHH (*~°); ocTabHbIe 
TIbl ObLIM paBHOMepHO HCMpaBseHbI Tak, YTOObI MOJeKYsa COXpaHsAda MOCKOe 

H 


tTpoenne. Ppynna CHs Obima ycuoBHO MpescTaBseHa B Bue ct Cc aTOMaMH 
H 

d, pacnooxeHHbIMH CHMMeTpHuHO sMHuH C — CHs wa paccrosuun 1,7 A 

(pyr oT apyra. Beauunubl, ucnob30BaHHble IA MOCTpOeHHA MOsesM, HM COOT- 

seTCTBYIOUMe aHHbIe peHTTeHOCTpyKTypHOro anausa (*) IpHBeseHb B TAG. 1. 
_B xKauyectTse BekTopa X,, OMHCbIBaIOMerO MOOXKEHHE MOJICKYJbI Ha MIOCKO- 

TH, BbIOMpanocb HalpaBeHHe Ni — cepequna cpasu C — C B meTasomuKae. 
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> Ta6auna ft 


XapakTepHcTHKH MOJeKyJIbI, MCMOMb3OBaHHbIe B pacueTe, U SKCMepHMeHTAJIbHBIC 
CTPyKTypHble JaHuple (°) 


MexkaTOMH. paccTos- BaweuTuple yrJibl ae 
Hua BA B rpaq. o & 

i At 
Sm | 

HCHOJIb3. |SKCNeEPpUM. ucnosb3s. | skcnepumM. re ag 

B pacuete | (cpeqH.) B pacgete } (cpezH.) = 3 ot 
B wukve: 
Ni—N 1,85 1,89 N—Ni—N 80 80 N 1,58 | 
N—C {30 ‘NE Pa) Ni—N—C 415 149 O 1,36: 
N—O Nee theets N—C—C 115 Wala! € Leia | 
(B luke) 
(C26 4,49 (oo Bue waka: 
(B 1ukse) Cc 1,80) 
C—CH3 1S 1,49 Ni—N—O 123 120 (B rpymne CHs) | - 
C—H lesa _- N—C—CHs3 PAS. 126 H 4 oa 


Korya B s4uelike cmos cofepxKHTCA oOfHa MosmeKysa (Z = 1), BeKTOpbI X, BCeX 
MOJEKYJ NapasJeNbHbI (MONeKYJIbI UpelcTaBAAIOT COOOM OAHY CHCTeMy KOBeK- 
TOpHaJbHLIx uryp). IIpH sToM, ecJIH pacnomOweHNe MIOTHOe, TO OHO MOXKET 
6bITh OXAPaKTepU3OBaHO OAHHM MapameTpom x. MbI Hcnomb30BasIH B KayeCTBE 
TaKOFO TapaMeTpa MpoekuMlo paccToAHHA OO, MexkAy WeHTpemMu ByX Kacalo- 
IMMXCH MOJIEKYJI Ha BeKTOP Xo 
Tloq, NIoTHBIM pacnoulowKeHHew 
MbI 3/eCb IIOHHMA4eM YIaKOBKy, 
B KOTOpoH Kaxklaa MovleKyuJlé) 
WMeeT B CJlO€ KOOPAHHAaIlHOH- 
Hoe uucso 6. 
Econ Z=2, To Ana 04 
CTHXKCHHA MIOTHOTO pacrowo- 
XKCHHA BeKTOPbI X, UeTbIpPeX 
i 30 50 vee 70 50 Sh 10" W3 IeCTH MOJIeKy, Kacato 
WLMXCA JaHHOH, JOKHbI OOpa- 


Puc. 2. 3aBucuMOcTh mlomanu aueliku S or yrnaq 3OBLIBaTh C BeEKTOPOM j\aHHO 
M@KY BEKTOPaMH TPaHCJIANHOHHO He9KBHBAJICHTHBIX ‘urypbI yrom @, He paBHBIt 
A 4 


MOJIeKyJI mpH Z = 2 

HYJIO (Be CHCTEMbI KOBeEKTOPH: 

aJIbHBIX (uryp). B 9Tom csry4aeE 

3HaYeHHe  XapaKTepH3yeT NMOTHYIO YKMaKy OOBIYHO C TOUHOCTHIO JO By» 

BapHaHToB. Korjla 3TO He TaK, MOXHO BbIOpaTh ABe HaWOosee NNOTHDIE yma 

KOBKH. Tak KaK CHMME€TPHA MOJeCKYJIbI Mmm, He3saBHCUMaA OONACTb H3MeHeHHS 
yruia @ Oepetca oT 0 go 90°. 

PaccmMoTpeHHe BC€BOSMOXKHEIX MIOTHBIX pacnouoxwenhit npu Z = lu Z = 
MOSBOJIHJIO NOCTPOHTb rpa*uKH, H30Opaxenuble Ha prc. | u 2, Ha KOTOPbIX IO 
makb AYeHKH cJloa S npelcTaBseHa KaK PYHKIWA X U Q. | 

Ana Z = 1 ycranoBieHo Hamwune Tpex MmoTHefmux pacnonomKeHHi (TPE 
MMHMMyMa Ha pic. 1) c NpHOmM3HTeMbHO OMHHAKOBbIM KOS@HILMeHTOM IJIOT 
HOCTH yMaKOBKH B Cyloe, paBHbIM 0,85. OTH Tpu pacnomOKeHUA WaloT KOCOYTOJIb 
HyIO pellerky c napametpamu: 1)a=7,8 A,b= 11,7 A, B = 71°; 2)a =9,7A 
b =11,7 A, B = 50°; 3) a= 11,8 A, 6 = 11,6 A, B = 30% | 

CyulecTBeHHO, OJHAKO, OTMETHTb, 4TO B OUND WIHPOKOM OOacTH 3HayeHHI 
(or 0,75 go 11 A)* KosdcbuHenT noTHOCTH ynaKOBKH ocTaeTca OosbIle uel 


0,83 M CTaHOBUTCA HECKOJIbKO MeHbUle STO BEMYHHEI AMUIb Ip 3HaveHHAX 
OIM3KUX K HYJIO. 

Ha KpuBoi, onmucpiBarouleli cnyuait Z = 2 (puc. 2), BmpaBo uM BMeBO OT oc! 
OPAMHAT OTOMKEHb! 3HaveHHA S [WIA JBYX BapHaHTOB yiaKOBKH IIpH JaHHOM 
Gyech HaOOLaloTCA Ba HavOosee HUSKUX MHHUMyna A u 5, cooTBeTCTBYIOUI 


* Hesapucumas o6acTb H3MeHeHHA x oT 0 m0 ~ 11 Ay 
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ICHOJIOMKEHHAM C KOS@PUUMEHTAaMH MVIOTHOCTH ymakoBKH 0,83 u 0,82. Kpome 
TO, HUSKHe 3HaueHuA S OOHAPYXKUBAIOTCA IPH MaJIbIX yrvlax @, Kora yKaqKu 
) cyulecTBy ONH3KM K Nowysaromumea npu Z = 1. Pemerka yKmaqKu, coot- 
TCTBYIOWeH MHHHuMyMy 5, umeeT napamerppl a = 21,1 A, b = 8,4 A. 
PacnosloweHHe, Jaroulee MHHHMym A npn Z = 2, oKa3amocb BecbMa O1K3- 
IM K peaJIbHOH CTpyKType (*). Ono, Kak H Bce Apyrve pacnosomwKeHuA, Mper- 
aBJICHHbIe Ha KpHBOH S (p), HMeeT OPTOTOHAJIbHY1O AYeKY HM MOCKy!O rpymny 
iMMeTpuu Pegg, ConocTaBleHHe XapaKTepHCTHK STO YKaKH UM BeEMMUMH, Haii- 
HHBIX 10 PCHTTEHOCTPYKTYPHbIM JAHHBIM, MpuBezeHo B Taba. 2. Mutepecuo 
MeTHTb, UTO HECMOTPA Ha JOBOJIbHO 3HAUHTeJIbHOe pacxomeHHe B NapaMeTpax 
IleTKH, KOTOPoe cKopee BCero OOYCJIOBCHO HETOUHBIM 3a],aHHeM COpMbI MO- 


TaOauna 2 
CpaBHeHue HalifeHHOl pacuerom ynakosKu A 4 peabHclt 


cTpyktyppt (°) 


J\aHuble cTpyK- 
TYPH. aHaJlH- 
3a 


7laHubie pac- 


CrpykTypHble XapaKkTepHcTHKH eae 


Yrou @ Mexy BeKTOpaMH MoveKy.J 83° 86° 
CuMMeTpHA pelleTKH CIO Pgg Pgg 
Ilapametpb pemetku B A: 
. a 18,2 16,7 
b ea 10,4 
Ilnomayb sueiiku caoa Bp A2 176,5 Aan 
KosddunnenT MOTHOCTH ylaKOBKH: 
B cwloe 0,83 0,84 
B IIpocTpaHcTBe — Dell 


KY JI, KOOPAMHATHI ATOMOB, HalJeHHbIe pacueToM JIA MHHHMyna A, oTIMYaIOT- 
[ OT 9KCIEPHMeHTAaJIbHBIX B cpeHem Bcero Ha 0,15 A. 

Takum oOpa30M, NpoBeseHEbI pacueT moKa3a, 4TO 

1. Peanusytoujaaca B MpHpose ymakoBKa Cc OpTOroHa/IbHOH AYeHKOM COOT- 
ICTBY€T OJHOMY H3 MHHHMYyMOB Ha KpHBOH S (p) npH Z = 2. 

2. IIpHHWHNMaIbHO BO3MOXKHbI HECKOJbKO Ooslee MOTHbIC yMaKOBKH C KOCO- 
‘OJIbHOH sAueHKOH mpH Z = |, 
_ B uactTosmee BpemaA TpyAHO onpeseeHHO OTBETHTb Ha BOTIpOC, NovemMy pea- 
ASYIOWAACA YIAKOBKA OKa3bIBaeTCA MpeANOUTHTeIbHOH. OObACHeHHe MOKET 
IKIOUATLCA B Goslee ONAaTOMpMATHIX YCJIOBUAX JIA HasloxwKeHHA coeB. To- 
leHee cyleyeT MpOBepHTb C MOMOMIbIO TpexmMepHoro pacueta. PaspaOorKa 
OTBETCTBYIOINeH MeTOHKH HaMH BejeTcs. 
_ Hakonsienvwe mofoOubix pacueTHbIX JaHHbIX, BepOATHO, MOMOXKeT TOUHEee 
SYUHTb (PaKTOPLI, OMpesemAloMlMe CTpOeHHe MOJIEKYJIAPHBIX KPUCTAJVIOB. 
ABTOpbI BbIpaKaioT OmarogapHocts B. C. Icanugacy 3a MOMOLb Mp BbI- 
WIHCHHH pacueTos. 


MockosckHi rocyfapcTBeHHblii yHHBepcHTerT Tlocrynusio 
um. M. B. Jlomonocopa Di T1961 


UHTHPOBAHHAA JIMTEPATYPA 


1A. UW. KutratropogceKkudk, Opranwueckad kpuctaiaoxumus, U3q. AH CCCP, 
5. 2 A.W. KutatropogycKkuak, Kpucrannorpapus, 2, 456 (1957). *L. Go. 
Beky, R. Rundle, Acta Crystallogr., 6, 487 (1953). *L. Merritt, C. Gu- 
pe, A. Lessor, Acta Crystallogr., 9, 253 (1956). § J.M. Steward, E. C Ling- 
felter, Acta Crystallogr., 12, 842 (1959). © E. A. Ulyram, Jl. M. WrKoabpun- 
O0Ba, Ycn. xum., 28, 889 (1959). 
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Jloxrnaygn Akayemun nayr CCCP 
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XHMH 


Unen-Koppecnonyzent AH CCCP H. B. AFEEB u JI. A. METPOBA 


me SAKOHOMEPHOCTH CTABHJIHSAUHH BETA-TBEPJOFO 
PACTBOPA B CIIJIABAX THTAHA 


YcroHunpoctb B-asbl B paBHOBECHBIX YCIOBHAX XapakTepu3yeTcA AHarpam- 
OH cocTtosHHua. B HacTosulee BpeMA HSBeCTHEI JHarpaMMbl COCTOAHHA THTaHa 
OTH CO BCeMH B-cTaOumM3aTopamH (7). B MetacTa6HJIbHOM COcTOAHHH B-TBepABIi 
aCTBOP MOXET ObITh NosyueH MyTem ObicTporo oxmaxKLeHHA civiaBa H3 OOaCTH 
ABHOBeECHOrO CyulecTBOBaHHA B-dasbl. Ha ocHOBaHHH JaHHbIx, NOJIY4eHHEIX IpH 
3VYCHHH YCOBHH CTaOHIH3aHH B-TBepforo pacTBopa MpH 3aKasKe (7), H3BeCT- 


O MHHHMAaJIbHOe COsep Kanne serup youleh WOOaBKUu, HeEOOXOLMMOH Avia cTaOunH- 


Ta6auna ft 
KputTuyeckaa cTaOusH3H- K putTuyeckaa cTa6HJH3H- 
Berupymare Pyloulad KOHIMeHTpaluA ¢ ¥ aernoyoiie pyroulas KOHUeHTpanHaA cx 
a 
9JIEMEHTHI 9eKTP. a | 9JIEMEHTHI aeKTp. a 
aT. % KOHIL., e 5 aT. % KOHL., fe 
9u/aT Es 9u/aT es 
Keule30 4,5*—4,9**| 4,2 (?) X pom oan Lip) 
(06a JIbT 4,9 ** Bo) (4) Bosbdpam Sane AP 
fapraHel m0 4,2 (2) Banaquit 18,4 ** 52 2) 
1HKeJIb 5,8 *—6,3 **/4,2 —4,3] (2) TantTaa ZL OES 4,2 (8) 
fonmu6 yen Dot 4,4 (?) Huo6uit 20 ,0\** 4,2 
eHHH 6,0 ** bP (°) 


B KauecTBe HCXOZHOTO THTaHa HCNOMb3OBaICH MarHueTepMHu4ecKHH (*). HOANAHHI (**), KanbuHwe— 


HAPUABEIE (ERAN 


amun B-casnr. B taOn. | yKa3aHbl MHHHMAJIbHbIe KOHUCHTPallHH Jerup yrouLux 


WIEMCHTOB, HEOOXOAUMbie AIA NOMyYeHHA OfHOdasHOH CTpyKTypbI B-TBepzoro. 


JACTBOPa B METACTAOHJIbHOM MpH KOMHATHOH TemilepaType cocTtosHuH. Jlerupyic- 
[Me 3JIEMeHTHI pacnooxKeHE! B Ta6. 1 no sppeKTHBHOCTH MX JeHCTBHA Ha CTa- 
MIMsaiMiIo B-TBeploro pacTBopa. 
_ Munumasipnoe KpuTHuecKoe cofepmaHHe JlerupylouleH 200aBKU, HeOOxXoOyH- 
foe Jia cTaOunusaunHn B-casbl, 3aBHCHT OT psa (aKTOPOB, KOTOPbIe JOJDKHBI 
WITh YCTAHOBJICHLI JIA BbIBOMa OONUIHX S3aAKOHOMEPHOCTel, peryJIMp yrouHx 
‘TaOunusaiMio B-TBepforo pacTBopa B CIiaBaX THTaHa. Q/JIeMeHTbI CTaOHJH- 
‘HpytoT B- da3sy Tem sccekTHBHEE, YeM [aJIbllle OTCTOAT OHH OT THTaHa B lepHo- 
\mueckoH cHcTeme dulemMeHToB Menyeseepa. Tak, B 4eTBepTOM MepHore sddek- 
‘MBHOCTb CTAGHIM3allMH YMCHbINaeTCA OT HHKeIA, KOOAIbTa WH HKEee3a K XPOMY 
{ BaHayuio, B NATOM MepHoye oT MOWHOZeHa K HHOOHIO, B WiecTOM OT peHua, 
lObdbpama K TaHTaly. YKa3aHHad 3aBHCHMOCTb OOYCJIOBIeHa BJMAHHeM pac- 
Bop Alollerocsa KOMMOHEHTA TBepAOro pacTBopa Ha MepecTpoliky peilleTKH pacTBo- 
MTeIA TUTaHA pH OpicrpoM oxsaxenuu. Ilepectpolka pemerKu £-dpasbt 
iyner SaTpyMHeHa MPH BBeJCHHM MOCTOPOHHErO aTOMA, NPH4eM TEM B Ooubient 
| aan yem OouIbiie pa3Hulla B XHMHYeCCKOH Ipupose aTOMOB THTAaHa H BTO- 
TO KOMMOHeHTa TBepfloro pacTBopa H 4eM OovIbINe pasHHla B pasMepax 9STHX 
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tay 


aTOMOB. CrefopaTesbHO, 4eM OOJIbIle yKasaHHble OTMHYHA, Tem 32qppeKTHBHEe 
OymeT WelicTBHe 3/leMeHTa Ha CTaOMMM3allMIO B-hasbl M TeM MeHbIMad KOHIeHT- 
pallua foOasKu OyyeT HeOOXOAMMa JIA NOyueHHA MeTacTaOHbHO B-ca3bl 
TIpH 3akauke. 

Kak xumuyuecKkad TIpHpoya aTOMa, TaK M ero pa3Mepbl 3aBHCAT OT “MCA 
3JIEKTPOHOB B aTOMe, T. €. OT IEKTPOHHOM KOHICHTPallMH, 4TO. aeT BO3MOxXx- 
HOCTb BbIACHHTb 3€BHCHMOCTb KPHTHYCCKOM cCTaOMJH3HpylolleH KOHWeEHTpalHu 
B-(basbl IPH 3aKaJiKe OT 9JIEKTPOH- 
HOM KOHICHTpallHu TBepforo pacTBo- 
pa. 
Brau. | npeycTaBeHa 3JIeKTpOH- 
Had KOHUCHTpallua, OTBeUAIONLad KpH- 
THYeCKOH  CTAOHIH3Hpyrolleli KOH- 
WeHTpalHH B-asbl, Mpwuem 4uCJO 
QJIEKTPOHOB aTOMA IIPHHHMAaJiOCb OT- 
BeYaIOWIMM HOMepy TpyIiibl aHHoro 
guiemeHTa. M3 mpHBeQeHHbIX pe3yJIb- 
TaTOB MogxcueTa BHAHO, 4TO 8B-chasa 
MOxKeT ObITb MOyyeHa B MeTAaCTa- 
OWJIbHOM COCTOAHHH B ciaBax Ha 
OcHOBe THTaHa MIpH MpakTHyecKH 
OJMHaAKOBOH 9JIEKTPOHHOM KOHILCHT- 
' pallu, paBHOH B cpeqHem 4,2 9y1eK- 

Puc. 1 TpOHa Ha aTOM. 

YCTaHOBJICHHaA 3AKOHOMePHOCTB 
OblJIa WpOBepeHa Ha TPOHMHBIX CiaBax 
THTaHa CHCTeM THTaH — 2KeIe30 — BaHagwMH, THTaH —Kele30 — XpOM, TH- 
TaH — BaHaqMui — mMomHOqeH, THTaH — MomHOJeH — 2xee30 WH THTAH — MO- 
HOCH — MapraHell. 3Had BeJIMGHHY 9CKTPOHHOM KOHILCHTpPallHH, MIpH KOTO- 
pOH BO3MOxXKHO MowyyeHHe B-asbl, MOHKHO MOACUMTATb COCTABbI CIIIaBOB, KOTO- 

pble JOJMKHEI pH 3aKaJike JlaTb CTpyKTypy B-TBepforo pacTBopa. 

Ha puc. | npeycraBiena ia mpumepa TpolHas MetacTaOuWJIbHad WHarpamMma 
tbasoBoro cocTaBa CHCTeMbI THTaH — 2xKesIe30 — BaHagui. Ilpamas, mpoBesex- 
Haf B THTAHOBOM YIJly, pa3qeatoulad oOacTb B-cbasbI oT OOacTH B + w-das, 
MOIyYeHa COeMHEHHeEM TOUeK, OTBeUAIONIHX KPHTHYeCKOH cTaOMMsUp yroulet 
KOHICHTpallHu JIerHp yIOULHX 9JIEMeCHTOB B JBOMHbIX CHCTeMaX THTAH — 2KeJIe30 — 
M THTaH — BaHawMu. TpolHble ciaBbl C ICKTPOHHOM KOHWeHTpaluen MeHBIIe 
4,2 pacnoviaraitca B oOmacTH B + w-da3. Takum oKa3aJicad claB THTaHa C 
3,11 at.% xxene3a vu 5,37 aT.% BaHaHA, OTBe4YAIOIHH INEKTPOHHOH KOHUCH- 
Tpauuu 4,18 an/at (/). Comappre 4,35 at.% mene3a u 7,64 aT.% BaHagqua (2), 
2,61 at.% xenesa vu 11,4 aT.% Banagua (3), 2,86 aT.% mene3a u 14,18 aT.% 
BaHaluad (4), MMeIOUIHe 3JIeKTPOHHY!IO KOHILCHTpallMio COOTBeTCTBeHHO 4,24, 
4,21 u 4,25 sn/atT, umeioT cTpyKTypy 8-a3b. 

B ocTaJIbHbIX H3Y4eHHbIX TPOMHEIX cHcTemax (°) ycTaHOBJIeHHad 3aKOHOMep- 
HOCTh TakxKe MOATBepAHMAacb. 


VWuctutyt metaaypruu um. A. A. Batixopa Tloctynuo 
AxajlemaH HayK CCCP 6 II 1961 


UMTHPOBAHHAA JIMTEPATYPA 


1W. WY. Kopuuaos, I. B. Bya6epr, Mora wayku, Texunueckue Hayku, 2, 
XUMHA, MeTasOBezeHHe H OOpaborka TuTaHa, . M39. AH CCCP, 1959, crp. 31; B. H. Epemen- 
K O, TuTaH H ero cntaBbl, Msn. AH YCCP, 1955. 2H. B. Arees, JI. A. Tletposa, Turay 
MW ero ciuiaBbl, Meraisayprua u MeTasmopeyeHue, M3. AH CCCP, 1958, crp. 3; H. B. Arees, 
3.M. CmMupuosa, TutaH u erocnuaspl, Merannyprua u MeTammopezeHue, M39. AH CCCP, 
1958, crp.17;H.B. Arees, JI.A. Tetposa, )KHX, 4, 8.5, 1092 (1959); H. B. Are- 
es, JI. A. Iletposa, )KHX, 5, B. 3, 615 (1960). *H.B. Arees, 3.M. Cmup- 
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Joxrnzagmn Akagqemun nayrnt CCCP 
1961. Tom 138, Ne 2 


XHMH fA 


“Yuen-koppecnonyent AH CCCP K. A. AHAPHAHOB u A. A. )KAHOB 


NOJIMKOHAEHCAUHSA KAK METO] NOJIY4YEHHSA 
NOJIU MAJIK HJICHJIOKCAHOBbIX 
VW MOJIMAJIIOMOAMAJIKHJICHJIOKCAHOBbIX 3JIACTOMEPOB 


-B nacTosulee BpeMA CpeAH S1acTOMepoB, HMCIONIMX HeopraHhyeckue riaBHble 
len HW OOpamusaioive opraHvyecKkhe pasuKaJibl, H3BECTHbI TOJIbKO JIMIUb MOuH- 
(HMETHJICHJIOKCAHOBbIe S/IaCTOMEPbI HW pasHUHbIe HX MOJMPMKALMU, CBA3aH- 
[ble C HEKOTOPbIM H3- 


[eHeEHHeEM XapakTepa CHns 9g CH 
praHwyecKUX pajuKa- cued eed mk 
1OB, oOpaMsaroulux =" Chyw | D chy + KCHis)sSICl aT ie 
MJIOKCaHOBY!O Welb. Gass : 

MeTojibl 1loslyueHHA CH, alias Pa Em 
pe a OMEN OB er ct sito $C) + 2H,0 —> HO 2 5—OH + 2HC) 
IOBAHbI Ha peak l : 
‘aTAIMTHUeCKOH MONH- Org Cn CH, |,, CH, 
ACPH3aUWU WAKIMVeC- Oe CAs 
<HX MPOMYKTOB FHApo- n(CH3)9Si(OCOCH 3), + (n-1JH2O ——=— CH;COO aa as 
13a WIM WHAUBULY- CH, CH, 


WIbHBIX JWaJIKUJICHJIO- 
<CaHOBbIX IHKJIOB C 


+ (2n-2)CH,COOH 


E CH Mois é 
6paso0BaHHem JIMHEli- Be OS ae 

ibIX MomMMepos. Bce 2 Be HK a + 2NaOH —* NaO—P-S1-O-F-Na + 
JOMbITKH OCYULECTBUT cH OSC CH, |,, 
MHTe3 © 31ACTOMEPOB 3 CH 

IpH MOMOMM peakKUHH ms CH, 

“HpOIH3a W MOJMKOH- +H,0 —*>HO o° H + Na,CO; 

leHCallHH JIM rete- CBs | 


JOPYHKWMOHAJIbHOH 

IOMMKOHEHCALMH pa3- 
AMUHBIX JLMPYHKIUMOHAIbHbIX MOHOMEPOB He IIPHBOAMIH K MOJYYeHHIO. JH- 
HCHHbIX BbICOKOMOJIEKYJIAPHBIX COeAMHeEHHH — 9uacTOMepoB. HeyyayuHpie mo- 
IbITKH NOJYYCHHA 3JACTOMePpOB MeTOOM MOJIMKOHJCHCALHH OObACHAIOTCA pa3- 
BHTHEM NOOOUHBIX PeaKUHH, MPHBOLAULNX K OOpa30BaHHiO HE TOJIbKO JIMHEHHEIX, 
JO WH WHKIMYeCKHX MpOLyKTOB. . 

B HacToslleH paOoTe paccmaTpHBaeTCA HOBBIT MeETOA CHHTe3a MOMMLHAIKHI- 
SHJIOKCAHOBbIX 3JACTOMePOB C JIMHEHHbIMH IelAMH MOJI€KYJ1, OCHOBAaHHbIii Ha 
IOJIMKOHJCHCALHH JHPYHKUMOHAJIbHBIX OJIMTOMepOB C AHMYHKIUMOHAJIbHbIMH 
<PCMHHHOpraHHyecKHMH MOHOMepaMH. OTOT Mpollecc OCyIecTBIAeTCA B JBe 
sTayuu. IlepBaa cTayua COCTOHT B NOJYYeHHH OJHrOMepoOB TO OMHOMY H3 H3- 
3ECTHLIX MeTOJOB, H300paxKeHHbIX peaKIHAMH (cM. Bille) (17%). 

Bo BTopow cTaquH ModyYeHHble OJIHTOMepbl NOABepraroT NOJMKOHeHCalHH 
AIH reTepOPyHKUHOHAIbHOH MOMMKOHJeHCAMH C OOpas0BaHHeM BbICOKOMOJIe- 
SYJAPHbIX 9JIACTOMEPOB. 

-Oco6eHHOcTb OMHCbIBAeMOrO HAMM MeTOa COCTOHT B TOM, YTO IPH MpoBere- 
HMM IIpollecca B [Be CTaHH B 3aKJIIOUHTeEIbHOM 9Tale HCKOUaeTCA BO3MOXKHOCTH 
DOpa30BaHHA HH3KOMOJIEKYJIAPHBIX WHKJIOB, TAK KaK BCTyMalou[ve B peakILHto 
1OJIMKOHJCHCallHH OJMPOMepbI HMEIOT TaKYIO CTeMeHb MOJMMepH3allHH, Ip KO- 
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Topol UMKIH3aIlua yxe HeEBO3MOKHA. C MOMOMbIO 3TOrO MeTOZa HaMH OBI 
TIOMYUCHHI TMOJHAMMeTHJICHJIOKCAHOBbIe SJIaCTOMepbl C MOVJIEKYJIAPHbIM BeCOM 
oxono 200 000, Koropbie pH BYIKaHH3alHH OOpasyloT peSHHbI CO CBOHCTBaMH, 
AHAIOPHYHBIMH JIA CTaHapTHbIX NOJIMAMMETHJICHJIOKCAHOBBIX pe3HH. 

Kak noka3aJIM Hall MCCeOBaHHA, OMHCbIBAeMbIM METOJOM MOJIHKOHJeHCAa- 

IHH MOMKHO TakxKe MOJYYaTb BbICOKOMOJICKYJIAPHbIe COCMHHEHHA, Tem MOVie- 

KYJI KOTOPbIX COJep%KaT HE TOJIb- 


Ch, CH, KO aTOMbI KpeMHUA M_ KCMOpo- 

m Ho-+$i-0 H ——~= HO bao H + (m-1)H,O ia, HO Take H ATOMbI MeTAJIVJIOB. 
Cbd j cH |, Tak, MbI ycTaHOBMH, 4TO a, 

Fae @- LUT HAp OKCHTIOHAHMeTHJICHIOK- 

ee old aod reac CaHbl C pasIM4HOH cTeMeHBIO n0- 
i JMKOHJeHCaHM BCTYMAaIOT B peak- 


mm 


CH, 
—— at 15 (0) Si-O 
iff Aree) 
en 


n 


Al—O—+ CyHy + (2-1) CsHgOH 


HO-+-Si—O--H + mB(OC,He), ——— 


cr, |, 

CH, 
—> woffa bp onto + (2m-1)CsHgOH 
CH, JWOCHA I. ; 


mn 


CH, 
pe H + mTi(OC,Ho), 
CHa 


HO 


SE 


n 


IH1O C OYTHMATOM aJIIOMHHHS, TeT- 
paOyTOKCHTHTAHOM MIM TpHOyTOK- 
cu6opom c o6pa3s0BaHvem J1MHel- 
HBIX NOJIMMepOB, COsepKallluxX B 
HeopraHHueckok NoJIMMepHoH Lenu 
aTOMbI COOTBeTCTBYIOUero 9VIe- 
MeHTA. . 

B 3aBHCHMOCTH OT XapakTepa 
KOHILEBbIX (py HKILMOHAJIBHBIX 
rpylill B JIMHe€HHbIX NOJHZMMeTHI- 
CHJIOKCaHOBbIX OJIHrOMepax Tpo- 
Wecc NOJHKOHJeHCalHH MO %KeT 
TIpOTeKaTb C OOpa3s0BaHHeM pa3- 
JHUHBIX 


HH3 KOMOJICKYJIAp HBIX 
mpolykTos. Mcceqopanubie HaMu 
peakiMH OOpas0BaHHA TOJMMepoB 
MOFYT ObITb H300paxKeHLI ypaBHe- 


HHAMH (CM. pAOM). | 


iLO 


cht, OCiHs 
$0 TOF CyHy + (2m CHOH 
GHy jn OC Maan 


CeHs 
h CHyCOO—S$i—OCOCHy + nALOCyHgly —> Tlonyaaempie 0 OnvcaHHbIM 
os peakWusim ModMMepbi TpeycraBia~ 

ee 1OT COOOH SACTHUHBIe pacTBOpH-. 

MBIe BelLectBa C MOJeKYJIAPHBIM | 

> CHCOOT-S—O- AIT Cally + 2n-DCHSCOOC+Hs ~— Becom 100 000—200 000 u ornHua-, 
Cus n IOTCA BbICOKOM peaKIMOHHOH cno- 


COOHOCTBIO 3a C4eT COXpaHeHHa | 
PyHKUMOHA DHONI rpyntbl y aToma MeTamia. PesHHbl, NOJyYeHHbIe pH ByJ- 
KaHH3alMH yKa3aHHBbIX 9/1aCTOMepOB, OJIM3KH M0 CBOMM CBOHCTBAaM K pe3HHaM 
Ha OCHOBE MOMMIMMeTHJICHOKCaHOB,* a {10 HeKOTOPbIM CBOHCTBaM HX IIpe- 
BOCXOJAT. 


QIKCNepUYMCHTAALBHAA WACTS 


l.a,o-Luxno0pnoumuauMeTHACHMOKCAHBH Obwin nomyyeHb 
TO MeTOAMNKe, onMcaHHO panee (*). B aBroksaB 3arpy3umu 326 r (1,1 mona) 
OKTamMeTHIMMKsoTeTpacumoKcana HW 11,37 r (0,088 Mousa) AuMetun_uxopcna- 
Ha. Bpema peaxuun 3,5 aaca npu 200°. )Kuakne NpoyKTbl peakuMH NpopHbT-| 
pOBaJIH, H OTOrHaM TeTyaHe Ao TemmepatypHi 200° npu 4 mm pT. cr. B kyGe. 
Tlonyuuan 237 r a, ©-MXJOpMOMAMMeTHJICHIOKCaHa C MOJICKYJAPHbIM Be- 
com 3170 (no KoHnIéBbIM rpynitam). 
Hafigeno %: C 31,64; 34,43; H 8,04; 8,12; Si 36,98; 
Olas Gr Zu 10s, Dee 
Cl [(CH3)2 SiOJa; Si (CHg)2 Cl. Butgucneno %: C 31,83; Jab AONE Sion, 2e5 
Ilo omucaHHOH MeTOAHKe MpH H3MeHeEHHH COOTHOWIeHHH MexKLY OKTaMeTHA 
WHKJIOTETpaCHJIOKCAHOM H JLHMCTHIHXJOpCHIaHOM Obi MOJYYeHbI OIHTOMep 
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Da3HYHOK JVIMHOM CHJIOKCAHOBOH LeMH, KOTOPbie B Ja JIbHelilem NoABepraucb 


(IpOMM3y AVIA MpeBpauleHuA B G, W-HPHAPOKCHMOJMAUMETHJICHOKCaHEI. 
2.0, o-LHrHApOKCHNOTHAMMeETHACHAOKC AH Hb OblH No- 
JIeHbI TO MeTOLHKe, ONMCaHHOW B AHTepatype (°). B kom6y c MelianKoH, Ka- 
-JIbHOH BOPOHKOM, TeEPMOMeTPOM H OOPaTHbIM XOJOAHbHUKOM 3arpy3Hvii On- 
1pOoHaT HaTpHsA 24,68 r (0,29 Mousa), 125 ma auerouna, 125 ma 6eH30a wu 1 Ma 
Ybl, HB HarpeTbili lo 50° pacTBop M3 KallesbHOH BOPOHKH BBOLMIH Mp nepe- 
SIIHBaHHM pacTBop 237 © NOyYeHHOrO BbILe O, O-THXJOPNOMMAMMeTHJICHIOK- 
Ha B 200 ma GOexsoa. Ilo okKOHYAHHH BBEeEHUA XOPHa CMecb NepeMelHMBaH 
yaca npu 45—50°, orpuibTpoBanH ocayok MH OT PUIbTpaTa OTOFHAaJIH pacTBo- 
ATeJIb HM JleTyuHe Mo BAKYYMOM Jo TemMepaTypbi B Kye 200° npu 4 MM pT. cr. 
omyuMnn 212 r G,w-7MrHApOKCHMOJMAMMeTHICHOKCaHa C MOJIEKYJIAPHbIM 
com 8200 (mo KOHUeBbIM rpynnamM, KOTOpble onpeseianu no Tepentpesy). 
Hlanneno 0: © 31,97; 32,21; HS 09s Si tarest 37,61; 37,93; 

OH 0,43; 0,41 


HO [(CHs)2 SiOJiio H. Burancaeno %: C 39.30: Airs 4163 Si 37,80; 
OH 0,42 


3.0,0-LHrHUApOKCHNOAUAUMETHACHAOKCAHHHS J E- 
eTHAMNaANeToKcHCHAanHa. 91,5r(0,52 Mona) WuMeTHIPHAaleTOKCH- 
AaHa MporuspoH3s0BaiH 9 r (0,5 Mowa) Bob npu 50° B TeueHHe 2,5 4aca. 
T MpOMYKTOB PHApOMH3a OTTOHANH YKCYCHYIO KHCJOTY JO Temnepatypbl (B ma- 
ax) 123° npu 13 mM ¥ nomyunaH 28,6 r omHromepa, MMerIOIerO MOJEKYJIApHbI 
sc 1660 (mo KOHIeBbIM rpymmam). . 

Haligeno %: C 32,86; 32,98; H 8,16; 8,12; 
Si Boyds domo; sOCOCRMa i acy, 


6,98 
Hs COO [(CHs)2 SiO]29 Si (CHs)2 OCOCHs3. BprunceHo 06: C ooRZos H 8,02; 
Si 35,959; OCOCHs3 7,12 


TlonyyeHHblit NpOLyKT pec tepuiia B 50 ma acdupa, NPOMBIIH JBarKbI TIO 
) MJI BOUbI, cofep»xamjeH 1% NHsOH, u 3atem AucTHIMpoBaHHON BORO. Toc- 
° CYUIKH OpraHwyecKoro CJIOA H OTTOHKM pacTBOpuTeia B Bakyyme flo 72° 
} napax) npu 13 mm nowyunaH 23,8 r BA3KOrO G, M-HPHApOKCHNOMMAMMeTH- 
{MOKCaHa C MOJI€KYJIApHbIM Becom 2100 (mo KOHWeBbIM rpynmam). ~ 

Ranmenoro,7 Goto: 31 6b: H "8,03; -S.1225 Si or S20 on whos 
| OH 1,68; 1,56 
O [(CHs)2 SiO]og H. Brranceno %:° C 32511; lal toigulsyy Sion ons 
OH 1,62 


4.T110NHKOHTeCHCANLHA G,O-TUTHApPpOKCHNOANY UMe- 
WUNCHAOKCAHA. 7OTPF G, W-THTHApOKCHNOJHAMMETHJICHOKCaHa C MOVJIe- 
YIApHbIM Becom 23000 (BucKo3uMmeTpuyecky) (°) KOHJeHCHpoBasH mp 200° B 
TMocdepe 4MCTOrO a30Ta Mp ocTaTOyHOM JaBuieHHH 2—3 mM pT. cr. Ue- 
23 12 yac. Obl MOMyYeH BICOKOMOJICKYJAPHbIM MOUMMep C MOJIEKYJIApPHbIM 
scom 200000 (BucKkosuMeTpH4eckH), XOpOliO pacTBOpHMBI B OeHsoNe H 
ol youre. 
dS. TomuKkKouxencanua Ow-RHruApokKcunosuAume- 
MACHMOKCaAHA c OyYTHAATOM ATOMUHHAA. 23,8 © O,0-2H- 
UIPOKCHNOMMAMMeTHACHIOKCaHa C MOseKyapHbIM Becom 2100 cmemanu 
20% pactBopom 2,78 r 6yTHaaTa asOMHHUA B OeHsOuIe (MOueKYJIApHOe OT- 
suienve 1:1), OTOrHaH pacTBOopuTemb no BaKyYYMOM HM KOHJeHCHpoBaH 
aTmocdepe uncToro a3ota npu 150° B Tevenne 3 4ac. Hu 3aTem 30 MuH. mpu 200° 
0 HaBsienvem 15 wm pr. cr. [lonyanan snacTHuHblli KayYyKONOAOOHBIM MpORyKT, 
icTBOPpUMbI B GeH30ue H Tomyoue. TlomuMep HMeeT MOJeKYJIAPHbIH Bec 30 000 
eee 
Hafizeno %: C 32,77; 32,614; H 8,16; 8,23; Si 36,45; 
36,61; Al 1,34; 4,43 
m (CHs)s apie [Al (OCg Hg») O]. BarancueHo %: C 32, 86: H 8,14; Si +35,,87; 


we 
Bis JlerKO CTpyKTypupyeTca Ip XpaHeHHH Ha Boszyxe C hee a 
: pacTBOpHMoro B Tosyoue MposyKTa. 
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6. TlomuKoufencanuw Go-FUFUAPpOKCHNOAAAUMe- 
THACHAOKCAHAa C TPHOYTOKCHOOPOM MTpoOBOsMIH NO Me- 
TOWUKe, OMHCaHHOM B Mpesbityutem onbite. Jia peakuuu Opii0 B3ATO 20 ra, w- 
JWMPHApOKCHMOJMAMMeTHJICHIOKCaHa C MOJIEKYJAPHbIM BeCOM 260052 SINT 7ea 
TpHOyToKcHOopa (MOJeKYJIAPHOe OTHOIeHHe OMroMepa K TpHOyTOKCHOOpy 
1:1). Tlonyaunu anacTuunpii KayyykKonogxoOubIt MpokykT, pacTBopHMBiit 
B OeH3OUIe H TOJYOUIe M MMeIONLNi MOeKYyJApHbI Bec 34000 (BUCKO3HMeTpHueCKH). 

TlomyueHHbIi momuMep OOsaqaeT CBOHCTBOM 3/1aCTH4eCKH JepopMupoBaTHCA 
IpH pesKHX Harpy3KaX M CBOHMCTBOM I1vlacTH4yecKM JepopMupoBaTbcsA MpH Meq- 
JICHHOM NIpHJIOKKCHHM CHIBI. 

Haitzeno %: : oe 325 Os 82156498 Stowe 
[(CHa)2 SiO]3s [B (OCyHg) O]. Brruncneno %: C 32,97; Int tl. JI Si 36,47 

7. TlomuKouHAencanunld GG, O-AUTHAPOKCHNOAUAUME- 
THACHMOKCaAHA'C TETPAOYTOKCHTHTAHOM MpoOBOAHIH TC 
MeTOAHKe, ONMCaHHOM Bole. a peakuHH Oblio0 B3ATO 20 Tr a, W-AHrHIpOKcH- 
NOJIMAMMeTHJICHIOKCaHa C MOJIeKyJIApHbIM Becom 2600 u 2,62 r TeTpaOyToKcn- 
TuTana. Ilonyuen yipyruli 2laCTHYHbIN MOIMMep C MOJIeKyJIApHbIM Beco 27 000, 
XOPOIIO pacTBOpHMBI B OeH3OuIe HM TONYouNe. 


Hatimeno 7 C 327652 32501; Hi 8,033 58.11. Sim aa em 
aioeion Ii Albee 2 aly 
[ (CHg)2 SiO]35 [Ti (OCs Ho)2 O]. BaruncsieHo %: < a Hesa492 Si 30,04 
i 4,7 

8. TlonmuKoHJexcanuyax MeCHHAMETHARWNAWETOKCHCH- 
maHac OyTHAaATOM A2AIOMHHHGA. 47,6 r (0,2 Mona) beHHIMeTHI: 
J\HaueToKcucuana wu 49,3 r (0,2 Moma) OyTHIaTa aIOMHHHA HarpeBasH TIpy 
nepeMeluuBaHHH mp 180°, oTroHAA BbIfeIAOMIMiicd OyTuaneTaT. Uepes 6 uac. 
B IipHeMHHKe Opii0 coOpauo 41 r OyTHaleTata (HaliqeHo OCOCHs 48, 17; 48,42: 
BblyHCeHO OCOCHs 50,8). B octaTke Obl NOJy4eH NpoOspayHbl CBETJO-2%KeTHIF 
MOJHMep, PpacTBOPpHMbIH B OeH30Ne, TOyoONe WH alleTOHe. OTHOCHTeIbHad BAS: 

KocTb 10% pacTBopa MomuMepa B Tomyone cocTaBaseT 2,3. 


Hanero! 3 Cool 742-751, 145 16,93. 7,029 Si 40noa 
LOSS se AIN9) oe OE45 


[(CsHs) (CH3) SiOAI (OCH) O],,. Brruucneno %: C 52,36; lal 082 Si 441543 
Al 10,69 ; 
Ta6anna 1 TlomuyumMetTHicuioKcaH, mo 


JIYYCHHbIN B OMbiTe 4, U MOH 
OrnHocutesb- 


TIpoquocth Ha | poe yanune- Ocrarounaa AaJIFOMOAMMeTHJICHJIOKCaH, ll 


a3pbiB, KT/cm2 4 
Bpeua ere: perERT ee Hue, % | AePopmanya% Tyewup B ombite 5, OBL 
CyTKH HCNOJIbSOBaHbI JIS WM3SPrOTOBJ: 


roulero cocTaBa (B Bec. uacT. 
Mcxomn. | 22,1 | 24,9 | 131 | 1440 |1-2] 1-2 Momumep 100, Genan cax 
4 Jove Meso sen O> 95 | 1—2|}1-—2 Y-333 40, nepekncp 6exH30nNa 

7 Odi, 40°48, 94 |e ZOR MN on BO 0 OKHCb WHHKa 5. Cmecu noca 
BaJIbUeBAHHA BYJIKaHH30BaJIHC 

15 MHH. B npecce mpu 143° u gaBnenun 35 Kr/cm? un 3atem 12 wac. B TepMC 
ctate mpu 200°. CsolicrBa noJlyueHHbIX pe3HH B 3aMCHMOCTH OT BpeMeHH CTE 
peHua np 250° npuBeleHb B Tabu. 1. | 


UncrutyT 9JleMeHTOopraHMyecKHX CoeqHHeHHii Tlocrynuso 
Axajemun Hayk CCCP 6 II 1964 


UMTHPOBAHHASA JIUTEPATYPA 
1K.. A. |Awar pitiata © By SiS eB: Cespepuui, JIAH, 134, 1347 (196 
J, F..H y de, J. Am. Chem. Soc., 75, 2166 (1953) Sho Bark tip uel, Bull. Che 
Soc;, Japan, 327 556% (1959) qi Keen AWApHuaHOB, B. BB! Cesep am 
5.P. 3apBHu, U3ss. AHCCCP,OXH, pnevarn. © A.A. Kopowes, K. A. AH Ap 
anos, A.C. Yremespa, T. E. BBegeucxaa, JAH, 89, 65 (1953). 
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Jlokaagmn Akagqemuu nayr CCCP 
1961. Tom 138, Ne 2 


XHMHA 


Ynen-Koppecnongent AH CCCP I. M. BYAHMKOB, T. H. KEUIMIIAH 
u B. K. AHOBCKUM 


BJIMAHHE MPMMECEM HEKOTOPbIX KATHOHOB HA CIEKAHHE 
CNEKTPAJIBHO UACTOHW OKHCH MATHHS 


CnekaHwe OKHCH MarHia H BIMAHMe WOOaBOK Ha XO CleKaHHA MO-po6HO 
M3syyaiocb paxee (1,”), Creqyer, OHAKO, OTMeETHTb, YTO KaK 9TH paOoTHI, TaK 
M OOJbIUMHCTBO JAPyrux UCCeAOBaHH MOAOGHOrO pola ObIH MpOBeeHbI Ha Ma- 
TepHalax, cosepxKaliux wHOorga Wo 0,5% MU BIE pasIHYHbIX MpuMeceH. 

TlocKouIbky crielvaIbHO BJIMAHHe MAJIbIX TIpMMeceit Ha CBOMCTBa Kepamuye- 
CKMX OKHCJIOB, H B YACTHOCTH OKHCH MarHHa, He H3y4aOCb, MPMHATb BbIBOIbI 
STHX paOoT 3a COBEPINeHHO JOCTOBepHbIe He MpeACTaBAeTCA BO3MOXKHLIM, TEM 
Coulee YTO TEOPETHYECKH MOXKHO OMKUaTb, UTO HAH4He BeCbMa HEOOJbIIHX NpH- 
Meceii HEKOTOPbIX SJIEMCHTOB JOJKHO ObIIO Obl 3HAYHTEIbHO MOBJIMATS Ha AH- 
(PY3HOHHEIe Mpoleccbl H TaKHM OOpasoM Ha XoOjl ceKaHHA KepaMUKH V3 YMCTHIX 
OKHCOB. Ha BO3MOKHYIO POJIb OUCH MaJIbIX KOMHYeCTB NphmMecel MpH cneKa- 
HHH YKa3bIBaeT H pacxowKeHve JaHHbIX pa3JIM4HbIX ABTOPOB, H3yY4aBIIHX cre- 
KaHHe (°). 

B HnacTosinel pa6ote H3yuaocb CeKaHHe CNEKTPaJIbHO YHCTOH OKHCH MarHHw 
M BIIMAHHe Ha XO] CMeKAHUA HE3HAUHTEJIbHLIX IPpHMecel KATHOHOB C pa3JIMUHBI- 
MH KPHCTaJJIOXHMHYeCKHMH XapakTepHcTHKamu. Mcnomb30BaHHe CHeKTpaJIbHO 
UHCTOH OKHCH MarHHA MOsSBOJIAeT H3YUATb BIIMAHMe BoOOaBoOK B «4HCTOM» BHIe, 
T. €. B TAKHX YCJIOBHAX, KOra UX KOJMYeCTBO HAMHOFO MpeBbliaeT OOuee CO- 
jlepxxaHve y2Ke HMCBIIMXCA B OCHOBHOM HCXOJHOM OKHCJle IpHMecell H B-TO xe 
BpeMA JOCTaTOUHO MaJiO, YTOOL] MOXKHO ObWIO ObITh YBEPCHHbIMH B TOM, UTO 
5TH OOaBKM MOJHOCTbIO pacTBOPATCA B OCHOBHOM OKHcyle, a He OCTaHYTCA B 
(opMe WHePpTHbIX MeXaHMYeCKHX BKJIOUeHHM. 

Ilo stuM coo6paxKeHuaM B KayecTBe 206aBOK On BLIOpaHbi KAaTHOHEI Fe’*, 
Zr*+, Sc3* uw Ni**+, umetoutve paguyce OnusKnl K pagnycy Mg*t. 

Tras Ong Meth al at 


pe ebnenuocr ycanku A D/Do “4 c6bemHoro Beca Y OOpasloB H3 aKTHBHOM CieKTpasIbHO 
yHCTOH OKHCH MarHua mpu oOxure mpu 1320 nu 1600° or npumeceh 


320° 41600° 1320° 1600° 
; Ne ¥ = 2 Siss < 

_ Tpumecs C, % 3 g ¢ a 8 (yl 4 é ¢ 
ay Z Q PSs a Q i) Q i 
i x 3 4 z | & <1 > 4 2 
bes nipHMeceH| — Sr Om teeny 26 3,40 | Fest Ont 22 2,80 28 | 3,02 
Zr4+ 0,4 20 Papa) \\ PS) B04 | OR2 meee 3,29 29 BO 

On2 31 Be | ae 3,07 Oras 3,45 30 3°54 
0,4 28 Sate) |f 248) 3,09 |} | 0,6. } 30 3,38 34 ote! 
0,5 26 3,61 | 26 aintates eds Oe oO 3,48 30 3) (0) 

Fe PAS wee a 

Nit Ota 7s. + | -26** 113.05 1,8 | 24°* | 3,55 

(4 22" | — Bk |e SAS) Se 0,4 16f/ =e 29 ae 
OF5 17* — 2627 3.03 O52 e238 —- 29 Oe 


* OOxKur o6pasnos c Ni?+ mposoguaca npu 1250° u 1600°. 
** OOpasny pacTpecKkaJHucb. 
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Jlna Toro uToObl CBeCTH K MHHUMYMY BJIMAHHe KHHETHKM paCTBOpeHHA o0a- 
BOK B OKHCH MarHisa HM BbIPAaBHHBAHHA HX pacipeseseHHA NO MOBepXHOCTH 
H OObeMYy 3epeH NepHksa3a, BCe NOOABKH BBOAMIHCh CoocaKJeHHeM B Bue FHI 
_ pookuceli W3 cMeCH pacTBOpoB XsJOpucToro MarHHs (20%) H CooTBeTCTByIONIeH 
jo6asku. Konwentpaiua KaTHOHOB JoOaBoK c yseTom BbIxofa MgO npHBesena 
BTa6. | B ATOMHDIX IIpOlWeHTaX — B laJIbHeMUIeM Bese HCMOMb3yIOTCH ATOMHIC 
MpOwuenTbl. Ocalku, MOMYYeHHbIe pH CoocaxKeHHH, OTPHJIbTPOBIBAHCh, TWA 
TeIbHO MPOMbIBAJIMCb, BLICYWHBaIHcb np 110°, npokaMBasHcb B MaTHHOBbIX 
THraax py 625° w pacrupasucn, IIpokanuBanue np 625° oOycnoBsiMBaso no- 

JlyyeHve OKHCH MarHHA B aKTHBHOH dopme. Bausa- 


% ___onY ss HM TeMMepaTypbl NpOKaJIMBaHHA CMelMasIbHO He 
REIT S” HCCIEOBAJIOCb. 
om! Soh Fated, Ly Tlasee B CTaJIbHOH TipeccdopmMe TIpH aBjeHHn 
| 20 ps ——*_—- 1350 KT'/em? 6e3 cBA3KH OTMpeccOBbIBaJIHCb OOpas- 
= | bl B BHe AHCKOB J\MaMerpom 11 MM H TOMMMHOM 
<0} 1—2 vM. 
Jlua Toro uTo6bi NoNyavTb aHHble KaK O Ha- 


YaJIbHbIX, TAK H TOCJIENYIOULMX CTa\MAX cneKaHHa, 

0 2 04 06 08am%  oOpa3iibl OOxKUraIHcb WBaxIb—npH 1320 u 1600°. 

bc Ooxur npu 1320 + 10° c BEigepxKo 1,5 gaca mpo- 

a 2 ) 

Puc. |. Yeaaka nocie o6Kura BOMJICA B CHJIHTOBOM Meu CO CKOPOCTbIO MO beMa | 

oOpasioB M3 Ci. 4. M xX. 4. TemnepaTypb OKO 300° Buac.OOx«ur mpH 1600 +) 

OF Rath at tn 210° ¢ Bbigepmnok 1 wac—B eqn c Harpenarenens 

T KOJHYeCTBAa WOOaBOK KaTH- x ce 

eartiet® M3 IJaTHHOPOLHeEBOH MpOBOMOKH, HAMOTaHHOM Ha. 

IMIMHp H3 OKHCH OepHIMA; CKOpOcTb Nosbema 

TemlepaTypbl B KOHUe OO«KUra cocTaBAada OKONO 500° B 4uac. OOpa3ilbi BO 

BpeMs OOKHra NOMeMLaIHCh Ha TOKIaKH U3 MIaTHHOBOH GoJIbru, OJHOBpe- 
MCHHO OOKHTaJIHCb TONbKO OOpa3iibl HACHTHYHOTO COCTAaBa. 

CrekaHHe KOHTpOsHpoOBaJOcb M0 ycasKe OOpasoB 10 AMameTpy H UX OObeM- 
HOMY Becy. OObeMHBbI Bec OOpasilOB C MaJIOH MOPHCTOCTLIO OMpesetacA rvy- 
pOCTaTHYeCCKMM B3BELIMBAaHHeM B TOMyOe Ha aHaJIMTHYeCKHX Becax., Y m0XxoO 
CHeEKWMXCA OOpa3slOB 3aMepAJIHCb HX pa3MepbI, MOCUMTHIBAJICA UX OObeEM H 
OObeEMHEIN BEC. : 

Kak BUJHO H3 NpHMBeeHHBIX B Tas. | WaHHbIX, HE3HAYHTEIbHOe KOJIMYECTBO! 
BCOJMBIIMXCA TipHMeceH OKa3bIBaeT Ha XOJ CIeKAHHA AKTHBHOH OKHCH MarHHaA 
peularomlee BIHAHHe. Bee ucnosb30BaBlIveca JOOABKH YCKOPHJIM ClleKaHHe yxKe 
daunHad C KOHWeHTpanun 0,1%. 

CnekTpaJIbHO YHCTad AKTHBHAA OKUCb MAPHHA HAYMHaeT CHeKaTbCA NpH 3HagH-| 
TeJIbHO Ooslee BbICOKOH TemnepaType, YeM XHMHYECKH 4NcTad. Tak,paHee OblvIo Mo- 
Kasano (*), uro MgO MapKH 4. J. a., MOJTOTOBNeCHHaA NpHMepHO aHaJIOrHuHbIM 0O- 
pasoM, HauMHaet cnekateca mpu 1000°, umpu 1300° ee cnekaHue ye PakTHUeCKH 
3akaHduBaeTcA. CnekTpaJIbHO YHCTaA OKHCb MArHHA TOJIbKO HaUHHaeT yIVOT 
HATHCA JMb mph 1320°. IIpH cnekaHuu cneKTpaJibHO 4nCTOH oKHCcH mpH 1600 
yocTuraetca OObeMHBIN Bec 3,45 r/cm®, Toryja Kak Ip CneKaHHH MeHee UNCTHI 
MaTepHaJIOB TAKOO YIJIOTHEHHA He yaeTCA NOJY4YMTb ake pH 3HauHTeJIbH 
Oonee BbICOKUX TemmepaTypax (*). OOpmHbIe 3HaYeHHA Y IPH cCleKaHHH aKTHB- 
HOH OKMCH MarHusa 43 rufpata mpH 1600° s3akmtoualoTca B npesenax 3,25— 
3,35 r/em®. TakuM O6pa30M, HYXXHO OTMETHTb, 4TO CIeEKTpaJIbHO UHCTad OKHCb 
MarHHs BeleT CeO IIpH CieKaHHM Ka¥eCTBEHHO OTJIMYHO OT XHMHMYCCKH YNCTOH.) 

Ha puc. | npwBezenbi Avid cpaBHeHHA JaHHble 10 ycayKe OOpasiloB 43 OKHCH 
MarHHA MapKu X. 4. C NPHMeCAMH KaTHOHOB Fe**, OOpasupi u3 x. 4. MgO nozro- 
TAaBJIMBaIMCb lO TIpHBeEACHHOH BbILIe MeETOAMKe C TOM JIMIb Pa3sHHWeH, 4TO H 
IIPHHUMaJIOCh OCOObIX IIpefocTopoxKHOCTeH MpOTHB 3arpxA3HeHHA HM OOpasit 
oO*KHraucb pH 1400° na nogcpinke u3 MgO. Puc. | naraaquo usocTpupye 
Ka4YeCTBEHHYIO Pa3HHLly B MOBeCHHH CMeEKTPaJIbHO YHCTOM H XHMHYECKH 4YHCTO 
OKHCH MarHHa. 

Kak Buguo v3 Ta6n. 1, npw BBegenuu 0,2% Zr** oKHCb MarHua crekaeTc 
mpH 1320° nouru yo TeopeTHuecKOH MIOTHOCTH; mpH 0,5% ocTHraeTcs O6beM 
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Hb Bec 3,61 r/cm®, uTo B mpefemax OWIHOOK CcoBMayaeT C TeOpeTHUeCKD 1 11)> 
HOCTbIO, €CJIH IIPHHATb YeJIbHBIN BEC OKHCH MarHHA paBHbIM 3,58 r/cm® H per- 
MOJIOKUTL, YTO OODEMHIH BEC MCHACTCA MPH BBEEHHH KATHOHOB Zr** B pelleTKy 
pe aJMHTHBHO. IIpu oGokure mpu 1600° ycaqka u o6bemuBIH Bec OOpasnoB c 0,4 
nH 0,5% Zr** 3ameTHO y2Ke He H3MeHSAVIHCb. 


Puc. 2. Muxpodotorpabun cBo60qHOH NMOBepXHOCTH O6pa3llOB H3 OKHCH MarHHSs ny 
pa3JIHUHBIMH WOOaBKaMH KaTHOHOB ot a — 6e3 206aBKu; 6 — 01 are, Zr; 
e — 0,4 ar.% Zr4™. 340 X 


H3yueHve MUKpOCTpyKTypb! OOpasoB NMOKasbiBaeT, YTO NpaKTHYeCKH NOVI- 
Hoe CMeKaHHe OKHCH MarHHs c mpHMecbio 0,2—0,5% KaTHonos Zr** npu 1320° 
He COMpOBOKaeTcA 3aMeTHOH PeKPHCTaMH3aunell OKHCH MarHuA, Kak H TIpH 
BBeeHHH JpyrHx mpHMeceH; 3epHa OKHCH MarHHA He BHAHbI Mp ONTHYeCKOM 
yBernuueHHH. OOxKur mpH 1600° compoBoxkyaeTca 3HaAYHTeEIbHOH peKpHcTaH- 
SallHeli, IpWuem pocT 3epeH B OoNbUION CTeNeHH 3aBHCHT OT THNa H KOMMYeCTBAa 
mipHmeceh. Ha puc. 2 B kKauecTBe MpHMepa 


MpHBexeHbI MAKpootorpadun noBepxHocTH o6- a/eme 

pasuos MgO 6e3 f06aBoK Hc oOaBKamu 0,1% eee Be 
u 0,4% Zr** noce oOxKura mpH 1600°. Bseze- ere v 
ne 0,1% KaTHOHOB WHPKOHHA pe3kKO YCHJIHBa- JOp , 73,40, 
eT peKpHCTAaMWIMsalMIo OKHCH MarHua pH 1600", i 20 
MOBBIlleHHe KONMUeCTBA AobaBKH He BAvaeT HA = (°"/! \ 

BeJIMYHHY KpHcTaiuToB MgO, HO IIpHBOAHT K ts al! 10> 
S3aMeETHOMY YBECJIMYCHHIO KOJIHYCCTB2 MEXKKDPH- i ne B 
CTAJIJIMNTHOrO BeLIeCTBAa. 15 ae ae 

~ Ha puc.3 mpuBeqena 3aBHcHMOCTb OObeN- O Q2 04 06 0 08 1am % 
Horo Beca H Karkyilelica mopHcTocTH oOpas- fer 


OB C NpHMecbio KaTHOHOB Fe®* of KOHIeHTpa- pee ae 
) = ys . 3. 3aBHCHMOCTbh O6beMHOrO 
WH MoceqHeH. XapakTep KPHBOM 34BHCHMOCTH = peca yn KaKyulelicn oecricue 
o6bemMHOrO Beca o6pa3iloB mocie o6%xHTa NpH 8B o6pasnosp H3 OKHCH MarHHaA OT 
1320° of cogepxaHua mpamecH Fe*" 3ameTHO kowuuecTBa ~ npuMecH KaTHOHOR 
oTiMuaeTCA OT XapakTepa aHaJIOrHUHOH 3aBHCH- Fest 
mocTH fia Zr**+. Ilo-BuqHMomy, mpHMecb Zr** 
S3HAUHTeIBHO MeHee S*ppeKTHBHA, YeM TIpHMecb Fe** B HauabHOl cTaqHH cne- 
KaHua OOpasioB (mph oObemHom Bece meHee 3,0 r/cm), STO 2#xXe OTHOCHTCA H K 
npumecu Sc**+. OqHako mpu BBeqeHuM Sc** u Zr** B OoM_UIMX KONHYECTBAX H 
Mp oOxure npn 1600° ynaerca nosy4HTb ropaszo Coulee CHJIbHOe yIIOTHEHHEe, 
eM mp BBewenun Fe** un Ni**+. Hanpauimpaercs BbiBOL, YTO MMeIOULHe Nol- 
WKHYIO 18-9eKTPOHHY!0 OOOMOUKY CHJIbHO MOJApH3yioulweca KaTHOHET Fe** 
Ni?* B Oompilel cTeneHH BJIMAIOT Ha MpeoOmaaroulyio B Hayase ‘cneKaHHs 
Be€PXHOCTHYIO Audpy3hIO AKTHBHOM, BeCbMa Me€JIKO3CPHHCTOH OKHCH Mmar- 
HHA, B TO BpeMA Kak KaTHOHBI Zr** u Sc3+, co crpyKTypol aTOMOB HHEpTHBbIX 
430B, CHJIbHee BJIHAIOT Ha OOBEMHYIO Audpysnto, 3HayeHHe KOTOPOH HanGoulee 
€JIHKO Ha MOCJIeAHHX CTaqHAX CHeKaHHA, Noce OOpasoBaHHA 3aKPbITHIX Nop. 
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CnelyeT oOpaTHTb BHHMaHHe Ha TO, 4YTO 3aBHCHMOCTb OObemMHOrO Beca 
KaxKYLIeHCA MOpHcTOcTH OOpasoOB OT KOHIeHTpalMH MpHMecH KaTHOHOB Fe** 
He ABJIA€TCH MOHOTOHHOM HM UMeeT MAKCHMYM IIpH KOHLeHTpauuH Fe** 0,2—0,3%. | 
Oco6eHHo pesKO MOfOGHAad TeHCHIHA BbIPAaKeHa Ha ycafKe OOpasyosB c Ni?*. 
Sror cakT, 10-BHJHMOMY, O8HaudaeT, YTO CYIeECTBYeT pe3KO BbIPaKeHHA OMTH- | 
M@JIbHaH KOHICHTpalHA MpHMeCH, YCKOPHAIOWULaA CieKaHHe, JiIexkailad Jia Jan-| 
HOO THMa OKHCH MarHux B Mpefenax 0,2—0,4 at.%. Tlofo6noe xe aBMeHHE, | 
HO Me€Hee Pe€3KO BbIPaKeHHOe, YK OTMEUAJIOCb MPH MOBEPXHOCTHOM AKTHBUPO-| 
BaHHH OKHCH MarHus (°). 

B 3aKi0yeHHe HEOOXOAMMO OTMETHTb, YTO CTOJIb pe3KYIO 3ABHCHMOCTb xojla| 
cileKaHHA OKHCH MarHHA OT W0OaBoK B KowMuecTBe 0,1 aT.% uM MeHee BpaAy Jn] 
MOXKHO OObACHHTh C MO3HIHH TeOpHH CMeKaHHA 3a CueT MaKPOCKOMHYeCKOrO] 
Teyeona (°). M3BecTHo, YTO MpHMeCM NOBbIMAIOT Npeled MwlacTHYHOCTH OKHCH| 
MarHna (”) H ee mpounoctTn. IIpu BbIcoKHX TeMMepaTypax STO ynpouHeHHe npH-| 
Me€CAMH HE MOXKET ObITb 3HAYHTEIbHO, HO, TEM He MeHEE, CJIEOBaJIO Obl OKULATh, | 
yTO BBeeHHe TIpHMecelt B OKHCb MarHHA 3aMeMVIHJIO Obl CleKaHHe, a HE Pe3KO! 
ycKopHio, Kak HaOwoqaeTcA B JeHCTBHTeIbHOCTH. 

Hactosimei padotoH ycTaHoBleHo, uTo mpumecu Zr*+, Fe**+, Sc?* u Ni?” 
yxKe pH Konwentpanun 0,1 av.% OKa3bIBalOT Ha XO CieKAaHHsA CMeKTpaJbHO) 
YMCTOH OKHCH MarHHa pelllarolee BIMAHHe, 3HAYHTebHO ycKopaa ero. IIpu 
HCHOJIb3OBaHHH XMMHYECKH UHCTOH OKHCH MarHHa 9TOT sc*pdekT He OOHApyXH-| 
BaeTCa. CneKTpaJIbHO UHCTAA OKHCb MArHHA HaYHHAeT CleKaTbCA Np TemMepa-| 
Type okosio 1300°, Torqa Kak cneKaHWe XHMHYECKH YHCTOH OKMCH MarHHs TpHy 
3TOH TemmepaType yxKe 3aKanuuBaetca (*). [Ip 1600° o6paspi u3 cneKTpaJbHO} 
UHCTOH OKHCH MarHHs HMeIOT OOBeMHBIM Bec Oolee BbICOKHH, 4eM STO OCTH-| 
raeTcd C MeHee YHCTHIMH MaTepHasiamu. Peskoe BIIMAHMe Ha XO CeKaHHA CMeKT- 
PaJIbHO UNCTOH OKUCH MarHUA CpaBHHTeJIbHO MAJIbIX KOJIMYECTB OOABOK HU JIerKO 
oOHapyxXHBaemas pasHHlla B XapakTepe HX JeHCTBUA HIIOCTpUpyeT JocTaTOUHO 
ABHY!O CBA3b KPHCTaJJIOXHMMYeCCKHX XapaKTePHCTHK KaTHOHOB JlOOaBKH C HX 
OTHOCHTeJIbHOU 9dpipeKTHBHOCThWO. 

TlomyueHHad 3aBHCHMOCTb BJIHAHHA WOOABOK Ha CMeKaHHe OKHCH MarHHa 
OT HX KOHI[CHTPallHH NMO3BOJAeT ChemaTb 3akJIOUeHHe, YTO AKTHBHAA OKHCb 
MarHUA MOXKET CUMTATHCA JeHCTBUTeAbHO UHCTOM JIMUIb B TOM CJlyuae, ec 06- 
mlee CoflepxKaHHe B Heli MmpHmecelH KaTHOHOB c OonmbiuM sem y Mg?* 3apsayom 
M MOJApH3yemocTb He mpeBbutaeT 0,05—0,01%. Teoperuueckue BbIBOEI, Cie-| 
JIAHHbIC a OCHOBE Pe3YJIbTATOB, MOJIYYCHHLIX C MeHee YHCTHIMH MaTepMaJiaMH, 
110-BHJ,HMOMY, HE MOryT paCCMaTpHBaTbCA Kak HMelollve oOulee 3HadeHHe. 

Ilpu BBegenuu 0,2—0,5 at. % Zr** moxKHO JOBecTH cieKaHHe JOCTaTOUHO 
YMCTOH OKHCH MarHHa MOuTH Jo TeopeTHYecKOH mMoTHOCTH yxe mpH 1320°) 


Mocxkospckuii XHMHKO-TeXHOJIOrHUeCKHH HHCTHTYT Tlocrynui0 
um. JI. VW. Menpeneesa 16 I 1961 
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Horaayn AkafemMun nayr CCCP 
1961. Tom 138, Ne 2 


XHMHA 
X. WH. PHJIbBMEHPEPWEJIb 


OCOBEHHOCTH OBPA3SOBAHHA KOMILIEKCHbIX COEMMHEHWK 
C WHKJIOOBPASYIOULHMH SAMECTHTEJIAMH 


(IT pedcemaeaexo axademuxom A, A. Ipuxbepeom 19 XII 1960) 


Ms3pecTuo, uTo cMellaHHble TeTpaMuHE! coctapa [Pt2A12A2]X2 moxHO Mouy- 
[MTb H3 JBYX pa3/M4UHbIX WHamHHoB [Pt2A1Xe2] unu [Pt2A2Xe] pacrBopenvem 
3 COOTBETCTBYIONEM Jpyrom amune As uu Ai, npHuem B HOJy4eHHOM TETD- 
IMHHeE COXpaHAeTCA MpocTpaHcTBeHHad KoHndurypallua HCXO_HOrO JHamMuHa. 

Takoe CHMMe€TpHuHOe MOBeLeHHe JBYX Pa3JIHUHbIX 10 COCTaBy JHaMMHOB. B 
Ipolecce CHHTe3a OLHOTO UH TOFO Ke CMEWMAHHOFO TeTPaMHHA YETKO BbIPaKeHO H 
1OCTOAHHO HaOwofaeTca. BeeycTBHe STOFO OHO ObIJIO HCHOsb30BaHO B KayecTBe 
YIHOTO H3 MeTOJOB HAeCHTHPUKALHH BHOBb Noyuaemblx AHamuHosB. IIpeznona- 
‘aBllaacd B cBoe Bpema C. M, Meprencenom (*) H30mMepHxA MpHMeCHHTeJIbHO K 
‘MeIaHHbIM TeTpamuHam coctaBa * [Pt(NHsDma)2]Cle Gpima, Kak H3BecTHO, 
IpeiMeToM OOcyKeHHA H SKCNepHMeHTaJbHOM NpoBepKH B paOotax JI. A. Uy- 
aepa HB. II. Openkuna (*) u K. JIpro ul. Yorrta (°). [lepspie noka3anu, uTo 
AHAJIOTHUHbIC H3OMEPbI Ha MpHMepe coeHHeEHHH C AMMHOALeTAIeEM HE MOTYT ObITb 
KOHCTATHPOBaHbl, a BTOPbI€ YCTAHOBWJIH HJCHTHYHOCTh OOOHX MOJIYYeHHbIX 
c. M. Veprencenom coeqHunenni. 

B xojle MccueqoBaHHa COeAMHeEHHM MWiaTHHbI C JjM9TAHOAMHHOM ObIWIO MOsy- 
JeHO coemMHeHHe coctaBa ** [Pt DetmeClel, Koropoe, no aHHbIM H3MepeHHa 
IEKTPOMPOBOAHOCTH, pesyJIbTaTy THOMOYeBHHHOK peakuHH H. C. KypuHakosa 
m4 peakunH A. A. Tpundeprac KJ u cbenomdptasievHoM, HeECOMHEHHO, ABJIAeTCHA 
[panc-H30mepoM. PeieHo Oblio MpoBecTH Be peaKIUMH: 


[Pt (NHs3)2 Clo] + 2Detm > (a) 
[PtDetm2Cle]} —- 2NH; =i (6) 


KOTOPHIe JOMKHbI Obi, OVCBHAHO, NPHBeECTH K OMHAKOBOMY pesyJIbTaTy HM TeM 
AMIUHHA pas MOATBePAHTb TpaHnc-cTpoeHne THS9TAHOMAMMHOBOTO NPOH3BOAHOrO. 
OKa3zaslocb, YTO eCIH peakWHA (a) HET BIOJHE YLOBJIETBOPHTeIbHO HK YKa3aHHbIii 
TpaHc-TeTpaMHH MO?KHO BBIJeJIHTb B Bue XJOpHAa HW TpyHOpacTBOpHMoro B 
Bole TeTpaxOpnsaToaTa, TO H3 pacTBopa, OOpasyrouleroca mo peakwHu (6), 
He yllaeTCA AaHAJIOTH4YHIM IYTeM BbIJeIHTb XJIOPH, He OCaxKJaeTca TeTpaxJop- 
HlaToaT, a pH SHeprH4YHOM MOAKUCeHHU COJIMHOM KUCJIOTOH BbIeseTCA HC- 
XOJHBIH J[HaMHH B He€H3MeCHeEHHOM COCTOAHHH. 

Syecb, TaKHM oOOpa30M, KOHCTaTHpoBaHa HepaBHOWeHHOCTS peakinit ” (a) 
M (6), H 9TO, OYEBHAHO, JOMKHO ObITh CBA3AHO CO CBOHCTBaMH JMsTAaHOaMUHa, 
CNOCOOHOFO MPOABIATb KOOPAWHALMOHHY!O EMKOCTb, paBHy1O equHUe (CBA3b 
yepe3. a30T) H JByM (OOpas0BaHHe IMKJIMYeCKUX COeMMHeHHH). OOpasoBanue 
ILMKIHYeCKOrO COCA MHEHHA Ha IpHMepe yMOMAHYTOH Bbilile peakunH [PtDetmeCl,] 
€ €AMMHAKOM MOMKHO H300pa3HTb CulesyiouleH CxeMOl: 


J CH2—CH20H 


NH ZO. is 7~CH2--CH,0H: 
el N=¢H.=—CH,0H ey NH 
HOH,C—H,C—_ -e0| + 2NH, ——> HC. |e | Che + 2NH,CI 
N cl HN CH 
H a /, 7 
HOH,;C=H,C—~ FIOH,C—H2¢ fe) 


* Dma — AHMeTHJaMHH. 
** Detm — AHSTaHO/aMHH. 
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a BbIAeJeHHe HCXOAHOTO [WaMHHa TPH NOAKNCICHHH HCl TIPE ACTABJACTCH Tak: 


CN CH,0H J Cte Ch0H 
46° NH Cl ney 
H rae on + 2HC] —> HOH,C—H,C. CH ,=CH,On 
oth HN Cl 4 
Boat 7 0! HOH,C—H,C 


YkaxKeM B CBASH C STHM, YTO WIA AHAJIOrHYHO MOCTPOeHHOrO CcoeqHHeHHA 
WwlaTHHBl c riukokosem * [Pt(GIH)2Clz] o6e onucaHuble peakwHu mpH mocue- 
lOBaTeIbHOM jlelicTBHH aMHHa JO OOpasoBaHua Oeci{BeTHOrO pacTBopa H comsA- 
HOli KHCJIOTHI JIA OCAKeHHA BeMLECTBA NPHBOAAT K OMMHAKOBOMY pe3yvJIbTAaTY,| 
a umeuuo (}, °). 

[Pt (NH3)2Clo} + 2GIH — [Pt (NHsg)2 (GIH)2] Cle; (B) 
[Pt (GIH):Cle] + 2NH3 — [Pt (NHs)2 (G1H)s] Cle. (r) 

IlomuepkHeM, 4TO B peakUHH (Fr), M0 aHanorHu c peakiHit (6), MOKHO OBI) 
OKHLATh OOpasoBaHHA WHKIMYecKOorO coequHeHHA [PtGle], 

YuuTplBad, KpOMe, TOO, 4YTO MOHOSTAHOJAMHHOBLIH TpaHnc-HaMHH ** 
[PtEtmeCle] BezeT ce6a B 3TOM OTHODICHHH MOMOOHO TIHKOKOJIeBOMY aHaJior 
M pesko orunuHo or [PtDetmeCle], Heo6xomuMo HaliTH OObaACHeHHe 9TOTO aHO-+ 
MaJIbHOrO pMMeHHTebHO K [PtDetmeCle] saBnenus. 

J\ia 9toro cHauadia paccMoTpHM peakuHH Tpauc-[PtEtmeCle] c ammuakom, 
MOHOSTA@HOJIAMHHOM HV JH9ITAHOJAMHHOM, KOTOpble ObIH MpoOBeeHb! B OHHAKO- 
BbIX YCJIOBHAX B JOBOJIbHO WHpPOKOM JHalasoHe KOHIeHTpalHi. Onw mpencTaB 
JIAIOT [JIA HAC MHTepeC, MOCKOJIBKY MOJIEKYJia MOHOSTAHOJIaMHHa, CosepxKalllanca 
B [PtEtmeCle], npHHunnvalbHO MOKeT OOpa3s0BaTb UMKJ, a WeHeTBy!ollHe MO4 
JI@KYJIbl AMMHAKA, MOHOSTAHOJIAMHHA HW AMSITAHOMAMHHA OONaLaloT, OYeBHAHO 
pa3IM4HOH CKOpOCTbIO BHELPeHHA BO BHYTPeHHIOIO ciepy AHaMuHa. 

Pe3yJibTaTbl peakUHH MpeycTaBiAwTcA ypaBHeHHAMH: 

1, [PtEtmeCl] + 2NH3 — [PtEtms (NHs)e] Cle. 
2. [PtEtmeCle} + 2Etm — [PtEtmy] Cle. 
3, [PtEtm,Clo] + 2Detm — [Pt (Etm — H)2] + 2DetmHC], 
T. €. B Hpomeccax 1 u 2 oOpasoBauch OKMMAeMbIe TETPAMHHH!, a B MOcEeAHe : 
cayuae ObWwIO BbINeIeHO WHKIHGeCKOe CoeHHeHHe 


, Ha ocHoBaHHH 3THX peakILHi MOMKHO CieaTb 3aKJIOUeHHe, 4TO COOTHOLIEe} 
HHe CKOpocTeH oOOpa30BaHHA WHKIa Y MOJI€KYJIbl MOHOSTAHOaMHHa Mg 
[PtEtmeCle] u BHeqpeHia cooTBeTcTBylollero JelicTByroulero aMuHa B cibep 
JHaMHHAa TAKOBbI, 4YTO B NepBOM H BTOPOM CJlyuaax MpeoOsaqaeT BHEApeHHe 
aBTpeTbem — oOpa30BaHHe WHkKIa. MoxKHO TakKe CKa3aTb, UTO YKa3aHHbIe MO 
JI€KYJIbl AMMHOB M10 CKOPOCTH BHepeHHA BO BHYTPeHHIOIO Ciepy paccmaTpHBae 
Moro JMaMHHa pacnovaratoTca B pay Detm < NHs, Etm. 

TlocieqHee COOTHOWMeHHEe 4YeTKO NOATBEPKLaeTCA MPHBOAMMBIMH HHKe peak 
IMAMM C IIHMKOKOJIEBLIM TpaHC-HaMHHOM, lipHuem | u 2, kak H peaKIHH (B) 
M (fr), COCTOAIH H3 NOCMeqOBaTebHOTO eHCTBHA aMMHa H COMAHOM KHCJOTHT 

Ace [Pt (GIH)s. Clo] a 2NHs3 ae {Pt (GIA) (NHs3)s] Clo (es 
2’, [Pt (GIH)2Cly] + 2Etm — [Pt (GIH)2Etm] Clo. 
3’, [Pt (GIH)2Cle] ++ 2Detm > [PtGls] + 2DetmHCl.j 

ConocTaBieHHe OMWCaHHBIX BbIe peak: 

1”, [Pt (GIH)> Clo] ++ 2NH3 — [Pt (GIH)z (NHs)e] Cla; 
2”, [PtDetmsCl.] +- 2NHs — [Pt (Detm — H)2] + 2NH,CI 

* GIH — CHe — NHe; Gl == CHa i= NHe. 

coon doo 
** Etm — mMonostTaHoaMuH. 
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IPHBOLHT K BHIBOLY, YTO Y MOJeKYJIbI MHSTAHOIAMHHA CKOPOCTb OOpasoBaHHA 
IMKJ1a OobUIe, YEM Y MOJIEKYJIbI TIMKOKOIS. 

B cpeTe pasBuBaemoro MpefcTaBeHHA O TOM, YTO pesyIbTAT peaKUHH [Ha- 
MHHa CO CBOOOLHBIM AMHHOM 3aBHCHT OT COOTHOLIeHUA CKOpocTell OOpa3s0BaHHA 
IMKJla y BHYTpHcepHoro aMHHa HW BHEIPeHHA y BHEIIHero, pacCMOTpHM peak- 
ju KePtCls c u36nITKOM MOHOSTAaHOJIaMHHa H DHSTaHOMamuHa. Ilocue nepsoro 
1KTa Tpowecca 

KePtCly + Etm — K [PtEtmCl] + KCI, 


IPHBOAAIMero K OOpasoBaHHiO MOHOAMHHA, aJbHelillee MpoTeKaHHe 3aBUCUT 
IT TOJIbKO YTO YNOMAHYTOFO COOTHOLMICHHA H MOKET MPHBOLHTb K OOpasoBaHHt0 
reTpaMHHa WIM WHKHYeCKOrO AHaMHHa 10 CxemaM: 


1”, K [PtEtmCls] + 3Etm -> [PtEtmy] Cl, + KCl. 
2”, K [PtDetmCl;] + Detm — K [Pt (Detm — H) Cl,] -+ DetmHCl. 


‘K [Pt (Detm — H) Cle] + Detm — [PtDetm (Detm — H) Cl] + KCl. 
[Pt (Detm — H) DetmCl] + Detm — [Pt (Detm — H),] + DetmHCl. 


To, 4YTO peakiHA C MOHOSTAHOaMHHOM JelicCTBHTeIbHO HAeT TO MepBomy 
ypaBHeHHWO, JoKasbiBaeTcA OOpasoBaHHem TeTpamuna [PtEtmsClelCle npu xao- 
JHPOBaHHH MOyYeHHOrO pacTBopa B COJIMHOKHCIOH cpefe. TesveHue peakiHn 
> JHSTAHOJAMHHOM 110 BTOPOH cxeMe NOAKpelwiAeTCA TEM HHTepeCHbIM (bakToM, 
ITO IipH MpOcTOM MOAKHCeHHH OOpasyiolleroca pacTBopa COMAHOH KUCOTOH 
1a XONOfy MOUTH cpa3sy BbIeMeTCA oOCayOK YNOMHHABINeroca  BbIIle 
[PtDetmeCle]. To xe MoxHO JOKa3aTb ocpefcTBOM H3MepeHHa pH B pacrBo- 
9ax KePtCla + Etm u KePtCla + Detm, Koroppie roroBuuch cmekyioulim 
6pasom: 0,5 r KePtCla B 5 Ma BObI CMeWIMBaIMCh CooTBeTCTBeHHO c 5 Ma 
1,7 M pactBopa monosTaHosamuHa uO ma 4,25 M pactBopa ,M9TAaHOJaMHHa, 
jepes 3 JHA pacTBOpHI pasOaBANHCcb Wo 50 MJ HW Ha Apyrol eHub NosBeprasmuch 
ACCJIEOBAHHI0. 
 Tlapannenbxo nposog_usauecb ananoruunbie onepamnu c 4 mi 4,7 M pacrsopa 
MOHOSTaHOJIaMHHa (K = 3,46:-10-°) u 4 ma 4,25 M pacrsopa fusTaHomamMuHa 
K = 9,6 -10-*), koroppie OTBe¥aIOT BOSMOXKHOMY H3ObITKY aMHHAa MocJe oOpa- 
30BaHHA TeTPpaMHHa. 

Ec B3aMofeHcTBHe IlaTHHHTa C aMHHOM HJeT 10 TepBoH cxeme, pH uc- 
“JIEYeEMOrO pacTBOPa OMMKEH MpHONH3HTeIbHO OTBeYaTb BeJIMUHHE, NOyueH- 
10H B pacTBOpe CooTBeTcTBy1ollero CBOOOAHOrO amuuHa. IIpu Teyenuu npouecca 
10 BTOPOH CxeMe, KOTOPpyioO CYMMa@pHO MOXKHO BbIPasHTb ypaBHeHHeM 


KePtCl, + 4Detm > [Pt (Detm — H)2] + 2DetmHCl 4+ 2KCl, 


DH fowoKHO CHWKATbCA NOX BIHAHHeM OOpasyromleroca Detm HCl. 

. Okasasiocb, uTo B cucTeme KePtCla c QusTaHOMamuHoM pH 3nHaunTebHO 
IDK, 4eM B pacTBope CBOOOAHOrO AM3TAHOMaMHHA (cooTBeTCTBeHHO 9,87 u 11,11) 
1 pakTHYeCcKH COBNaaeT C TeopeTHYeCCKHM 3Ha¥YeHHeM, KOTOPOe OTBeYAaeT O0- 
)a30BaHHIO WHKIMYecKoro AHamuHa (9,89). B cucTreme C MOHOSTAHOMAMHHOM Co- 
STBETCTBYIOULMe BeIMYHHEI 3HadHTebHO OuHxKe (11,0 uw 11,51) uM yKasbiBator, 
ITO TipeoG/laarouluM HalipaBseHHeM B STON peakIMH ABJIAeTCA OOpasoBaHHe TerT- 
paMuHa. Takum oOpa3oM, JJId MOHOSTAHOJAaMHHAa Oovlee XapakTepeH Mpomecc 
SHE PCHHA BO BHYTpeHHIOIWO Cchbepy, Y AUSTAHO/IAMMHA, HalpoTHB, Oolee apKo 
SbIPAYKeHA CKJIOHHOCTb K OOPa30BaHHlo WHKJIA. 

C o6cyxqaemol TOUKH 3peHHA HHTepeCHO COMOCTABHTb Pe3yJIbTaTbl peak- 
quit [Pt(NHs)2Cle] u [PtDetmeClz] c u36nITKoM STHeHAMaMMHAa, YAMTbIBAA, YTO 
Ip paculenenuu cMewanHoro Terpamuna [Pt(NHs)2Detme|Cle B comaHoKkucson 
‘pele OOpasyerca ananuTuueckH uncTpit [Pt(NHs)2Cle]. 3Haa, uro B3auMoseli- 
‘rave [Pt(NHs)2Cle] c sruneH_HaMMHoM mpHBoLUT K OOpasoBaHuio [PtEne]Cle, 
wlehyeT OMKUAATL, YTO peakuHA [PtDetm2Cle] c sTHIeHTHaMHHOM JOuKHAa aTb 
WaJIOPHYHbIi pesyIbTaT. OHaKko 6obllad CKOPOCTb OOpas0BaHHA: WHKJIa y 
WONeKYyJIbI WUSTAHOMAMHHA TIpenATCTByeT BHEAPCHHIO STHJICHAMAaMHHA, H peak- 


: ii HeT MO CXeMe 
[PtDetmsClp] + 2En > [Pt (Detm — H)s] + 2EnHCl. 
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IIpu nogkucmeHHH pacTBopa COJIAHOM KHCIOTON BbIAeN ATCA H€H3MCHCHHbIit 
[PtDetmeCle]. 

Pasymeetca, uTo “3 [PtDetmeCle] B KayecTBe HCXOMHOFO MpOAyKTa MOXKHO 
HOJYYHTh TpHaMHH HW TeTpaMUH IPH B3aMMOeHCTBHH C AMHHOM, CKOPOCTb BHes- 
PpeHHA KOTOPOrO MpeBOCXOAHT CKOpocTh OOpasoBaHuA WHKIa y MOVIeKYJIbI 
qusTaHoNaMuHa. TakWM aMHHOM OKa3aJICA MHpHHH, YTO CormacyeTca C aHHbI- 
mu A. A. Ppun6epra u JO, H. Kykymxuua (°) 0 cKopoctax BHexpeHusa aMMua- 
Ka H mupHauna B KePtCla. | 

B 3aK10oueHve yKaxKeM, 4TO YMOMHHABINeeCA COOTHOMeHHE CKOpocTeli o6pa- 
30BaHHA UMKJIa MH BHeAPeHHA COXpaHAeTCA MpH COOOMeHHU onpeyeseHHbIX 
ycOBHH peakil (pH, TemilepaTypbl HT. J.). 

Tax, B u3BecTHoH peakunu A. A. [puu6epra (*) Ha kondurypauio 


[Pt (NHsCl)s] -+ GIH,s6urox + [Pt (NHs)2 GICI] + HCI, 
[Pt (NHg)2GICl] + [Pt (NH3)2G1] Cl 


fpollecc HUeT B KHCIOH cpeme MH MpeoOmaaeT cKOpocTb OOpasoBaHHA WMKVIA. 

[pu noppiuenuu pH, KoTopoe MoxeT ObiTb JOCTHTHYTO HeHTpaiMsalvel ru 
KOKOJIA, COOTHOLIEHHE CKOPOCTeH MeHAETCA B MPOTHBOMOJOKHOM HalipaBJeHu 
HM peakWuaA ugeT To cxeme 


[Pt (NH;Cl)2] + 2GIH + 2NaOH — [Pt (NHG1)s] + 2NaCl -+ 2H20, 
a pH noxKucnenuu HCl spmagaer Terpamun [Pt(NHsGIH),] Cle. 


JIleHHHIpagwCKHH TeXHOJIOrHUeCKHM HHCTHTYT Tloctynuno 
uM. JleHcopeta 16 XII 1960 
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Woraangn Akanqemun nayr CCCP 
1961. Tom 138, Ne 2 


XHMHA 


JI. H. 3AXAPKHH, B. B. KOPHEBA un A. B. HOPTAHCEH 


IIPHCOEXMHEHME XJIOPHCTOFO BOJOPOJA H YKCYCHOHM 
KHCOTbI K H3SOMEPHbIM WHKJIOAOWEKATPHEHAM-1,5,9 


(ITpedcmasaeno axademuxom M. H. Kaéaunuxom 26 XII 1960) 


B HacTosmeH paOore HaMH HccsleqOBaHO MpHcoe_HHeHHe XOpHcTOrO BOJO- 
pola UM yKCyCHOM KUCJIOTHI K TpaHc,Tpanc,Tpanc-unKNOAOMeKaTpHeny-1, 5, 9 (I) 
MW WHC,Tpanc,Tpanc-WuKsoAONeKaTpHeHy-1, 5, 9 (II). Kak oKa3anocb, B 9THX 
peakuuax 00a yruieBooposa BelyT ceOa pa3sHuHbIM OOpasom. IlpHcoequHeHHe 
ykcycHou KucsoTHI K I u I] mporekaer B mpncyTcTBuN adupatTa TpexdTopucToro 
Oopa c oOpas0BaHHeM B Ka4yecTBe TIaBHbIX IIPOLYKTOB peaKUMH MOHOAaLLeTOKCH- 
TIpow3sBosHEIX. B cayuae | mpHcoequHenve mpoTeKaeT HOPMAJIbHLIM OOpa3om, 
IPHBOAAT TOMbKO K |-alleTOKCH-TpaHc,Tpavc-WMKNOLOAeKamHeny-5,9: 


Pa 
OCOCH, 
BF3* (C5H«)..0 
HICHLCOOH = 4 
LY 


Tipu ruapupopanun ero norviomaetca TOUHO 2 MOA BOROpORa c OG6pas0BaHHem 
paHee M3BecTHOrO alleTOKCHIMKIO{OfeKana. OmblieHHem = 1-aleTOKCHILHKJI0J0- 
Tekanuvena-5, 9 cnupToBoH welo4bio moyen 1-oKcH-TpaHc,TpaHc-lHKJIO- 
Tomekamuen-5, 9 (*). [IpucoequHenne yKcycHolt KHcIoTH K I] mpHBo_NT K cMecu 
MOHOALLCTOKCHIPOH3BOAHIX, HepaseJIMMbIX TeperoHKoH. Ta30-xpomaTorpadu- 
YeECKHH AHAMH3 STON CMeCH MOKa3aJ1, YTO OHA COCTOHT HE MeHee YeM H3 YeTHIPeX 
KOMIMOHEHTOB C MpeoGayqaHvem OfHOrO H3 HX (OKOJIO 50%). I[pu KosHyecTBeH- 
HOM THIPHpOBaHHN cMecH normomaerca TOKO 1,4 MomA BOOpOa Ha MOVUIb 
MOHOALETOKCHIPOHSBOAHBIX, UTO FOBOPHT O MpHCyTCTBHH B CMeCH Hapsfly Cc 
AleTOKCHUMKOLONeKaHeHOM OHIWHKIHYeCKHX H MOKET ObITh TPHIUMKIHYeCKHX 
coeqHHeHHH. Ha 3To TakxKe ykKa3blBaeT OOJIbUIHH YeJIbHbIH BeC MpOyKTOB 
THIpHpOBaHHA B CpaBHEHHH C YeJIbHbIM BECOM H3BeCTHOFO alleTOKCHILHKIOJ0O- 
qekaHa H pa3svimuve B U.-K. cnexTpax. V1.-K. ceKTp CMecH alleTOKCHIIpOH3BO- 
HBbIX MOKa3bIBaeT, UTO B epecueTe Ha OJHY MOJIeKyJy COMepxKUTCA MpHMepHO 
OfHa TpaHc-cBa3b HU 0,4 WHC-cBA3H, YTO XOPOLIO CoriacyeTcA C JaHHbIMH PHApH- 
popanua. IIpu rugpomuse cmecH alleTOKCHMpOHSBOMHEIX Oblla MOyYeHa CMeCb 
CMUPTOB, MpH OOpaboTKe KOTOPOM eHHMH3OWMaHAaTOM Obl MOJyYeH C BbIXOOM 
oKkoo0 50% denusypetan 1-oKcH-TpaHc,TpaHc-WuKNOLOReKaqnena-5, 9. C TakHM 
2Ke BIXOJOM Obi BLIeICH HWHKMOLOLeKaHOJ pH FHApMpOBaHHH CMeCH CIHPTOB. 
STO TOBOpHT O.TOM, 4YTO, BEPOATHO, 3a BCe TpaHC-CBA3H, OMpeeJIeHHbIle M10 H.-K. 
ClekKTpy B CMeCH aLeTOKCHIPOH3BOHBIX, OTBedaeT |-alleTOKCH-TpaHc,TpaHc- 
WHKIoLOMeKauen-5, 9, oOOpasoBaBlIHicaA pM WpHCoeLMHeEHHH YKCyCHOH KHCJIO- 
Tb K WHCc-{BOHHOM cBa3H II. CrpoeHve OMUMKIM4GeCKOrO MpOLyKTa, KOTOPbI He 

bIJI BbIJeIeH B HHIMBHyasIbHOM BHe, HAMM TOKa He ycTaHoBJeHO. Han6ouiee 
BePOATHBIMH OMUHKIHYeECKUMH COCHHEHHAMM C WMC-ABOMHOM CBA3bI0, KOTOpble 
moryT oOpasopatscs x3 II, aBasiorca mpousBosHble OuuK0-(4, 0, 6)-n0ReKa- 
na (III) 6unuKsno-(3, 0, 7)-qonekana (IV). 


(1) 


: 


SIE 


; 


fat? 


. E | + 
BF3*(OCgHs)2 OCOCKs 
F + CH,COOH ——— 


OCOCH, OCOCH, 
at) (M1) (Iv) 


TIpucoequHeHHe XJopuctoro Boxopoga kK I u IT raaqKo mporekaeT B mpucyr- 
CTBHH XJIOpHcTOro 2%eie3sa B pacTBOpe XJOPHCTOrO MeTHeHa IPH HASKOH Tem- 
nepatype. B cayuae I o6pasyeTca CMeCb MOHO- 4 AHXMOPNPOMSBOAHEIX, COOTHO- 
_I€HHe KOTOPbIX 3aBHCHT OT BpeMeHH TpoBesenun peakuuu. Monoxsopnpons- 
BORHOe ABAeTCA 1-XJOP-TpaHC, TpaHc-WAKIOROMeKaHeHOM-5, 9 Mu AHXNopnpous- 
BomHoe-1,5 (uu 6)-7HxXOp-TpaHc-LMkMOFOLeWeHOM-9: 


FeC) cl c cl 
1+ HC) —— Se : 


Tipu ruipHpoBaHuv MOHOXJOpNMpoOusBOLHOrO MorvoulaeTcA 2 MOAA BOMOpoRa 
WM OOpasyetca XJOPUNKIOLOAeKaH, pM THApHpOBaHuH AUX MOPMpOUusBOLHOrO NO- 
rioujaetca 1 Mob BOLOposa M OOpasyetca 1,5(uaH 6)-LMXNOpHHKOLOLeKaH. | 
IIpucoequHeHve xsopucToro Bosopoya K II npuBoAMT K CMeCH MOHOIMKIMGe- 
CKHX HM OHMMMKIM4eCKHX (BO3MOKHO MH TPHILMKJHYeCKHX) MOHOX. Oplpou3Bos- | 
HbIX. ['a30-xpomaTorpaduyeckul aHaJIH3 CMe€CH NOKa3bIBaeT HasM4He JBYX KOM- 
TIOHEHTOB (BO3MOxKHO Oosee), MPHCYTCTBYIOULHX NpHMepHO B OJMHAKOBBIX KO- 
smuectBax. IIpH ruapHpoBaHuy normomlaetca OKOIO 1,1 MOA BOLOpOsa Ha MOJIb 
CM€CH MOHOXJIOPMpOH3BOAHbIX, TO TOBOPHT O HaJIMYHH B CMECH Hapsy Cc xsop- 
ILMKOLONeKaMeHOM OHILMKJIMYeCKHX COeMHeHHH. 

V3 qaHHbix H.-K. cneKTpa culeklyeT, YTO B MepecueTe Ha OMHY MOJIeKyJIy CO- 
ep2kuTca mpumMepHo 0,5 Tpauc- u 0,4 unc-qBOHHOH cBa3H. HanmMune xs0puuK- 
JoqofeKkaluena (n0-BusuMomy, 1-xmOp-TpaHc,TpaHc-WHKAOLoLeKaueHa-5, 9) B 
cMeCH N0ka3aHo culelyrouluM nyTem. Ip HarpeBaHHH CMeCH MOHOXJOpMpousBog- 
HbIX C M€THJIAMHHOM MIPOHCXOAHT OTIUeneHHe XMOpHcToro BO,Oposa c OOpaso- 
BaHHeM CM€CH HeMpej[eJIbHbIX YIvIeBOOPOAOB, MOce THAPHpOBaHuA KOTOpOH 
TOMYYeH WHKMOMOPeKaH VW CMeCb Apyrux yrseBosoposzoB. KomwuecTBo WHKsJOI0- 
jeKaua coctaBsseT oKo0 30%. 

YiebHbIi Bec CMeCH yrueBOOpOAOB Mocse OTAeeHHA WHKIOLOMeKana | 
Gombe, YeEM YIeIbHbI Bec WHKNOMOZeueHa. M.-K. cneKTp 9TOH CMeCH yKa3bI- 
BaeT Ha HasIWuHe OMMHKIMYeECKHX CTPyKTyp, He COepxKalljMX HalpAxKeHHbIX 
WHKJIOB. CrpoeHve OHMMKIM4YeCKHX COeAMHEHHH NOKa He ycTaHoBweHo. IIpx- 
coeqHHeHHe xsopucroro Bogopogza kK II mpoTekaeT culexyrouluM o6pa3om: 


Cc) 
FeCl; 
i SiC + 6HUNKANYeCKHe 


coenHHeHHA Cy oH\9Cl 


MaliqeHHple HAMM pasiHUHA B MpHCOeMHeCHUM YKCYCHOM KUCMOTbI M XJOPHCTOTO | 
Bosopoxa K I u II o6ycnoBneubl, 10-BHAMMOMy, pa3HYHOM KOH(opMallHeH MO- 
JIeKYJI STHX yraeBogopogzoB. B I] Tpavc-2BoHbIe CBASM, BeposATHO, Covee 
cOMKeHBI, Yem B I, YTO OOYCAOBIMBAeT BOSMOXKHOCTh OOpasoBaHHA OMLMKJIN- 
YeCKHX CTPyKTyp. : 


IKCHeEPUMeCHTAABHAA WACTH 


IIpucoeqzuuneunune yKcycHOH Kil Cdk OD bly Ky Tt panes 
TPaHeTpaucnuKaomogeKaTp ueuy-l, 5,9. PactBop Ur tTpaxc, 
TpaHc, Tpanc-mukKofoOfeKaTpHena-1, 5,9 B 200 Ma meqAHOH YKCYCHOH KHCJIOTHI 
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UpucytcTsuu 2,5 r supara TpexdropHctoro Sopa narpeT B TeyenHe 30 uac. 
pu 100°. IIpu pasronke nosyuexno 20 r 1-aneroKcu-TpaHc,TpaHnc-WuKjoL0Re- 
amMena-5, 9 c T. Kun. 110—113° npu 2,5 mn, n> 1,4877, d2° 0,9902. 


Hafiqeno %: C 75,39; 75,44; H 9,78; 9,74 
CysHo20,. Beruucneno %: C 75,67; H 9,91 


1-AtleTOKCH-TpaHc, TpaHc-UHKOLoyekaqven-5, 9 OMBIIEH CIMpTOBOI me04bI0 
nomyyen |-oKcH-TpaHc ,TpaHc-UMkNOsOReKaqHeH-5, 9, T. na. 66,5—67° (uz ner- 
OMeHHOTO 9scpupa). 
Hatigeno %:'C 80,11; 79,88; H 11,21; 11,06 
CyzHaO. Baruncneno %: C 79,98; Nel kD 


@Menwuypetan 1|-oKcH-TpaHc,TpaHc-WukKOLosekaltHena-5,9 umMer T. mu. 131— 
BIE ‘ 
IIpu rugpupopanuu 6 1 1-oKcH-Tpanc,TpaHc-WNKNOso,eKaTpuena-d, 9 Hal 
Akesiem Penea B 25 MII STHNOBOrO CnupTa nowyyeHo 5,8 r WHKMO-eKaHONa, 
ti. 79—80° (u3 neTponetHoro supa); JIurepatypuple auupie (7): 7. mt. 80°. 
IlIpucoeqzuuneunuve YKCYCHOH KHCHOTH KUNC,TpPaHe, 
paHcmuKAomomeKkKatpueny-l, 5,9. Pacrsop 60 r wuc,Tpauc, 
aHC-IMKORoONeKaTpuvena-l, 5, 9 B 200 Ma eqaAHOH YKCYCHOM KUCJOTH B MpH- 
JTCTBHU 2,5 r adbupaTa TpexdTopuctoro Oopa HarpeT B TeyeHHe 30 yac. mpH 
)0°. YxeycHaa KHCNOTa OTOrHaHa B BaKYYMe, OCTATOK pa3OaBleH BOOM Hu 
<CTparupoBaH 9dupoM. OpupHbIt pacTBOP MpOMBIT pacTBOPOM COsbI H BBICYy- 
eH Hall C€pHOKHCALIM HaTpHem. Odbup oTornan, OcTaTOK neperHaH B BakyyMe. 
omyseHo 24,2 r ucxogHoro TpHeHa MH 28,3 r cMeCH MOHOZLeETOKCHMpOH3BOL- 
IX ¢c T. KH. 101—105° npn 1 mM. 
Haweno %: C 75,47; 75,24; H o 


f°) 10,00 
Cy4Ho203. Bergeneno %: C 75,67; Ey. 


8 
4 

1,0037 r cmecu MOHOAalleTOKCHIPOM3BOHIX TUpupoBano Hag 0,2 r Pd/BaSOa 
15 Ma weqasHow yKcycHou KucroTH. Tlormoujeno 130,8 ma Bogopose, Ha WBe 
BOHHbIe CBASH TpeOyetca 218,9 Ma Bosopora. 

Pactsop 18 -r moHoalleTOKCHMpOv3BOAHbIX HM 20 r egqKoro Kav B 120 Mi 3TH- 
OBOrO CHUPTa Harper pH KHMeHHH B TeveHHe 10 yac. Jloce oxamKyenua. pac- 
30p pasOaBsIeH BOOM, MaCJIAHBIM COM SKCTparvpoBaH S@upoM HU BBICyLWeH 
ay, cepHoKucsibimM HaTpHem. ‘lomyuyeHo 11 r cmecH OKCHNPOW3BOHBIX 
T: kun. 107—110° np 2 mo, noce HarpeBaHuA KOTOPON C PeHHIH3OWNaHaTOM 
BIT «= BLIeeH ©=©90s cbeH WI ypetaH _—-1-oKCH-TpaHc, Tpanc-WMKMOLOMeKalvena-5,9, 


f ma, 181—132°. 
Hatiyeno %: C 76,35; 76,40; H 8,48; 8,25 
CigH2;02. BaruucneHo %: C 76,30; H 8,37 


He yaer Jempeccuu Temnepatypbl W1aBJIeHHsA C 3aBeAOMbIM OOpasiloM (enHI- 
eTaHa, nomyuenHoro u3 1-oKCH-TpaHc,TpaHc-WMKIOFOLeKaqnena-5, 9. 

0,4521 r denustyperana ruapHyoBano Hag 0,2 r Pd/BaSO, B sTH0BOM cnup- 
2. [lonyyen denusmypeTaH OKCHUMKMOJOAeKaHa T. mu. 128—129°. Jlureparyp- 
ble JaHHble (7): T. na. 128—129°. 
Hafigeno %: C 75,30; 75,32; H 9,60; 9,72 

CipHaeO2. Baruncneno %: C 75,25; H 9 

le laeT flempeccuu TemnepaTypbl MWiaBJeHHA C 3aBeOMbIM OOpasilom eHHJI- 
peTaHa, MOJIY4eHHbIM H3 WAKIOLOMeKaHowa. 
5 r cMecH OKCHNpOM3BOAHEIX MporuzpMpoBano Hag 4 r Pd/BaSOs B 15 ma 
THoBoro cnupTa. IIpoxyxt meperuay, T. kK. 115—130° npx 8 MM. Ilpu crosHuH 
biemuoch 2,5 r WHKJOMOFeKaHoa, KOTOPbI OTPUMLTPpOBaH HW NepeKpuctas- 
¥30BaH M3 MeTposehuoro apupa. T. na. 79—80°, He JaeT empeccHH Temnepa- 
YpbI TW1aBeHHA C 3aBeOMbIM O6pasiloM WAKIOFOMeKaHowa. 
IlpucoequnHenue xNOpucTOrO BOROpoOMa KTPaAaHe, 
pauc, TpaucnuuKAomogekatpueny-l,5,9. B pacrsop 20r 
I 375 


a 
M 
. 


TpaHc, TpaHnc, Tpanc-MKoLoeKaTpuena-1, 5,9 B 150 ma xopucroro meTuse- 
Ha, B WpucyTcTBHuH 0,5 r6esBosHOrO XMOpHOrO wKeNesa pH —40° nponyuleH TOK 
cyxoro XJOpucToro BO,Opoya Jo mpuBeca 15 r. PacTBop ocTaBlen Ha HOUb IpH 
— 60°. 3aTem MpoMBIT BOJOH HM BbICyINeH Hal XJIOPUCTbIM KasbuKMemM. Ilouny- 
yeHo 2,4 r l-xmop-TpaHc, TpaHc-lWMkIOL0qeKaquena-5, 9, T. Kun. 101—103°| 


npu 1 mm, np 1,5130, d;° 1,0118. 


Hateno 8651C, 74.58" 74.16; bio, do On Oom Gla ie OIeaioe dG 
CyeHigCl. Baruucneno %: C 72,50; lab S)abyie (Oe Warsss) 


Tonyyeno Takxe 5,7 r 1,5 (uM 6)-2Mx0p-TpaHnc-WuKsOLoMeWeHa-9 Cc T. KHM.| 
113—114° np 1,5 mm, nd 4 1,5188, d? 1,1117. 


Hanneno % 9G 61729-6140 iS Oommonon. Cl 29) J0sm29n eo 
CysHeapClz. Berauecneno %: C 61,45; lanl tehaayee Cl 30,04 


IIpu rugpupospanuu 1-xop-Tpauc,TpaHc-WukKovofeKaquena-5, 9 Hay 0,3 4 
Pd/BaSO. B yKcycHOH KHcsOTe MorsoTHoch 2 MowA Bofopona. IIpu ruzpupo- 
BaHuH 1,5 (umn 6)-HXNOp-TpaHc-UMKIOLONeuWeHa-9 norsoTHIcaA 1 Mob BOO- 
powa. 

Tipu¥coeRuHtHuHe XMOPMETOLG BO 1.0.) Of au kere 
TpaHCTpaHcHHKAIOROMe KaTpueuy-l, 5,9. B pactsop 40 fr 
IMC, TpaHc, Tpanc-WHKNOfofeKaTpuena-1, 5,9 B 100 ma xs0pucToro mMeTHJeHa 
B IpucyTcTBuH 0,5 r OesBOAHOrO XJOPHOFO 2KeIesa MpOMyiuleH TOK cyxoro xJI0- 
pucToro Bofoposla mpH —40° B KoumuectBe 17 rw ocTaByIeH Ha HOU pH —60°4 
Tlomygeno 18,9 r cmecH MOHOXNOpnMpoM3BOAHBIX, T. Kun. 105—110°/2,5 mM, 

Hatneno 2 'C72,87.) 12,0 te OO Loo Orn Glad tino cameos 
CygHygCl. BaraucmeHo %: C 72,950; HY Sore Gl 17,88 


0,6263 r cMecCH MOHOXJIOPMpOH3BOAHbIX rHApHpoBano Hay 0,2 r Pd/BaSOg 
B pacTBope yKcycHouH KucuoTBI. [lorsomjeHo 89 mia Boopoga, Ha ABe JBOHHBIE 
CBA3H TpeOyetca 155m Bogopoya. PacrBop 15 r cmecH MOHOXJOpNpOH3BOLHEIX} 
Hu 15 r Qumetusamuna B 80 M1 9THJIOBOrO CIupTa HarpeT B aBTOKJaBe B TCUeCHHEl 
18 uac. npH 200°. Cnupt ororHaH, ocTaToK oOpa6oTaH pacTBopom HC} u npo- 
9kCTparupoBaH 9dupom. IIpu meperouKe nosyyeHo 6,5 Fr CMeCH WHKAMYeCKHXS 
MH OMMMKIHYeCKHX NpOLyKToB, T. Kum. 90D—94° npu 10 mm. 

16,5 r 9TOH CMeCH ObIIO. BOCCTaHOBJIe€HO B 3THJIOBOM CIMpTe Hay, HHUKeJIeM 
Penes. Ilocne o6ntmHOH O6pa6oTKH HW MpM OXNaxKTeHHH MpOLyKTOB rHApHpoBa-y 
HUA BblleweHo 4 r WHKJOWOMeKaHa, T. m1. 6{0—61°, ne QaeT Wempeccuun Temnepat 
TYPbI [llaBICHHA C 3aBeOMbIM OOpasiioM. | 


MucruryT 3ulemeHToopraHiyecKoH XMMHH Tloctynusio 
Axkajemuu Hayk CCCP 26 XII 1960 


UMTHPOBAHHAA JIATEPATYPA 


. iJ. MW. Saxap kun, BB. (Kopiesn a, Vas, AMP CCCP, OX S196ip 00 
7M. Kobelt, P. Barman, et al., Helv. chim acta, 32, 262 (1949). 
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oxaagn AragemMun nayx CCCP 
1961. Tom 138, Ne 2 


XHMH Al 


E. A. MMMOJIMTOBA x JI. M. KOBBA 
K BOTIFOCY O CTPOEHHH YPAHATOB 


(ITpedcmaeaeno axademuxom B. H. Cnuyoineim 26 XII 1960) 


BemeycTBue Oombuioro cxoscTBa (pH3HyeCKHX HW XHMMYECKHX CBOMCTB BOJHbIX 
Oe3BONHEIX YpaHaTOB, pH paccMOTPeHHH CTPOeHHA BOMHBIX ypaHaTOB He- 
OXOAMMO TIPHHHMAaTb BO BHHMaHHe pe3yuJIbTaTbI HccIeOBaHvA KpPUCTasiMye- 
KOrO CTpOeHHA OeSBOAHBIX ypanaTos (*~°). OqHaKo B nocsemHee BPeMA NOABH- 
Mcb paOotr (7°, 7), B KOTOPbIX CTpOeHHe BOMHEIX ypaHaTOB TpakTyeTca 6e3 
yeTa STHX JaHHbIX, 

Bo Bcex CTpykTypaxX MOHOypaHaTOB HMeeTCA ypaHHIbHaA FpynnHpoBKa 
Oz c paccrosuuem U — O, 6nu3Kum xk 1,9 A. B orauune of 6ombuIMHCTBA Co- 
eH ypaHwuia (cM., HampHmep, (7”)), B ypaHaTax KHCNOpo_ ypaHWIbHOw rpynnu- 
OBKH CBA3aH He TOJIbKO C ATOMaMH ypaHa, HO HC JpyrMMM KaTHOHAaMH, H M0- 
rOoMy JviMHa cBa3H U—O B cayuae ypaHaTOB 3ameTHO Oombie (Ha 
,15—0,20 A), uem B conax ypanuaa. Tlostomy Heib3a cormacuTsea C yTBepx- 
eHvem (1°), uro sHauenne 1,9 A nanOouee xapakTepHo Aa ypanuna. Bropuy- 
ple cBi3H (U — Oj1) ABJAIOTCA B OCHOBHOM HOHHBIMH (II1pOUHOCTb CBA3H MeHbILIe 
(HHUUpI). [Ipeqnonaraemaa (7°) xe WenouedHad CTPyKTYpa MHOFOsepHbIX KOM- 
JIEKCOB OCHOBaHA Ha TIpeACTaBJICHHH O BO3MOXKHOCTH OOPa3s0BaHHA HECKOJIbKUX 
SAMMHONMePMeHAUKYJIAPHbIX KOBAJICHTHBIX cBA3eH U — O. B KayectBe npumepa 
CMHCHHA C TAaKHMM CBA3AMM B KaKOH-TO CTelMeHH MOMKHO paccCMaTpHBaTb 
yOuuecKylO TpexOKHcb ypana (eMHCTBeHHOe coequHeHHe U (VI), B KoTOpom 
POUHOCTh BCeX CBA3eH OMMHAKOBA MH paBHa efMHUe). OHAKO CTpykTypa 9TOrO 
KucIa Hecnelupwuna [id ypaHa HW BCTpeyaeTCA y HEKOTOPbIX JpyrHx Tpex- 
kucei. Mpl cuutTaem, uTo npeyctaBsenna (*°) 0 AHCKpeTHBIX MHOFOAeEPHIX ypa- 
ATHBIX HOHAX He COrsacylOTCA CO CTPyKTypaMH BOMHLIX ypaHaToB, CoepxKa- 
MMH OeCKOHEYHbIe YpaHHJIKHCJIOpOHbIe MOTHBBI. 

KommuleKcHble (PTOPpHAb!, B KOTOPbIX HMeeTca Ooslee JBYX HOHOB @Topa ua 
OH YpaHHJla, MO CBOeMY CTPOEHHIO OTMMYAIOTCA OT YpaHaTOB H3-3a BO3MOKHO- 
fH OOpasoBaHa AHCKpeTHBIX HOHOB, HalpHmep [UO2F.]?-. CoorsercTByionyue 
OMIIJIEKCbI, He COsepKalllHe HHbIX AJeHOB, KpOMe BOAbI WH FHApOKcua, 
2H3BecTHLI. []osTomy paccMoTpeHHe ypaHaTOB KaK TIH/pOKCO-aKBO-KOMILIeK- 
yB (11), aHANOrMUHbIX PTOPHAHBIM KOMIIIeKCaM, He CorsiacyeTCA CO BCeMH 9KC- 
SPHMEHTAJIbHBIMH JaHHbIMH O CTPOCHHH ypaHaTOB HM He MOSBOAeT MOMOUTH 

TIOHHMaHHIO HX CBOLCTB. 

I]popeyqeHHoe HaMM peHTreHorpaduyeckoe UccMeLOBaHWe BOAHbIX H HeKOTO- 
IX O€SBOMHbIX YPaHaTOB MOMTBepaKaeT CTPYKTYPHOe CXOACTBO MexKLy OOeCHMH 
yyNaMH ypaHaToB. bowpiliai wacTb MOHOYpaHaTOB XapakTepH3yeTca MpHcyT- 
‘BHEM OJHOrO H3 Tpex O€CKOHEYHbIX YPaAHHJIKHCOPOAHbIX MOTHBOB cocTaBa 
JO2)O2 (°). Usmenenve KoopAuHaMOHHOrO YHCa KaTHOHOB (B CBA3H C pocTOM 
‘O payHyca) BbISbIBaeT HIM H3MeHeHHe THIa MoTHBa (UO2)O2, WIM HcKaxKenHe 
iIMMeTpHH cod. B cayuae nMomuMopdybix pasHocTelt pH a& —» B-nepexoze, 
4K TIpaBHlO, HaGmofaeTcA yBesH4eHHe OObeMa, MpUXOMAllerocaA Ha OLHY hop- 
YIbHy!Io emununy (V/Z)-« — B-mpeppamenue (900°) B MoHOypaHaTe KasA 
\OTBETCTByeT Tepexoky yMopsayoveHHoH CTpyKTypH B Heynopsqouennyio, 
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OjHako H3BeCTHI ypaHaTHI, B KOTOPbIX HeJIb3A BbICIHTh ypaHHAKHCJOpos- 
HbId MOTHB. Tak, kyOnYeCKy!0 MOAMUKaILMIO PbUOs MOXKHO CUHTAaTb TIpHMepOM 
CTPYKTYPbI C YpaHHWJIbHbIMM PpyNMMpoOBKaMH, CTaTHCTHYeCKM pacnoaraioulHMH- 
CA MapaebHO OMHOMY H3 YCTLIPCX BOSMOAKHEIX HaNpaBMeHHH B MpOCcTpaHcTBe 
(110 TpotHEmM ocam). B-K2UO« nocrpoen no npHHuANy MoTHeMMeH KyOn4ecKOn 
KaTHOHHO-aHHOHHOWM YMaKOBKH C paciOJIoxwKeHHeM ATOMOB ypaHa B OKTAadJIpH- 
yeCKUX ycToTax. YpaHHJbHad TpyNNHpoBKa B 9TOM CJlyyae MOKET CTaTHCTH- 
YeCKH paciosaraTbesA MO OLHOMY H3 TpeX HanpaBseHHi B npocTrpancTsBe. Aua- 
JOPHYHYIO CTPyKTYpy MMeIOT HCCeLOBaHHbIe HAMM Me30ypaHaT KaJIMA CO- 
ctapa KsUOs u cmemaHubti ypaHaT Nao,75Cao,25UQOs,6e5. 

J\na JMypaHaTOB UeOUHbIX 9JIEMCHTOB XapakTepHa JeeKTHaA CTpyKTypa 
Tuna CaUOs c rekcaroHasbHbIMH COAMH cocTaBa (UO2)O1,s5. M3 zpyrux 6esBoz- 
HbIX MOJIMypaHaTOB UWLeOUHbIX 3JIEMeCHTOB HaMH H3y4eHO CTpOeHHe TpH-reKkca- 
ypaHaToB KasIuA. OTo cba3a NepemMeHHOrO CocTaBa C OO/IaCTbIO TOMOreHHOCTH OT 
KeO-3U0s no K2O-6UOs. B ctpyktype 3Tou cba3bl Tak7Ke MOKET OITH BbILeeH 
6ecKOHeuHbIM TeKCarOHaJIbHbId ypaHHAKUCMOposHEI cof (UO2)O2, Ho canon 
pacnOJO*KeHbI TOUHO Apyr Ha ApyroM, B OTMMYHe OT MOHO- M AMypanaToB. ule- 
JIOUHBIX 3JeMeHTOB. UacTb aTOMOB ypaHa pacmoslaraeTca MexK,Y CJIOAMH, T0- 
BHJ,MMOMY, TakxKe B BHJe€ HOHOB ypaHHJia, MpH4yeM KHCJIOPOMHbIe aTOMbI 
YpaHHWJIbHOH PpynMvpoBKu (HH “acTb UX), BEPOATHO, OJHOBPEMeCHHO BXOAAT 
B COCTAB OCHOBHOFO ypaHHAKUCAOposqHOrO MOTHBa. 

HeckouibkO MHOM XapakTep HMeIOT H3yYeCHHbIe HAaMH MOMHYypaHaTbl HEKOTO- 
PbIX J[BYXBAJICHTHBIX 3J/eMeHTOB. Mx oTHOWIeHHe K KHCIOTaM HM pA Apyrux 
XMMUMYeCKUX CBOMCTB aHaJIOTHYHbI HaGJMIOLaIOMIMMCA B CJIy4¥ae WIeOUHbIX ypa- 
HaToB. BmectTe c TeM HCCIeEOBaHHe KPHCTaJIMYeCKOrO CTPOeCHHA STHX COeMHHe- | 
HHH MOKaSbIBaeT, UTO HX MpaBHJIbHee paCCMaTPHBaTb KaK JBOMHbIC OKHCJIbI HIM 
TBEpPfIble PaCTBOPbl 3aMellleHHsA. | 

K JBOMHbIM OKHCIaM, CTpyKTypHO O1u3KuM K & — UOs u rekcaroHaJIbHOH 
moguduKaunH UsOs, ornocatca ZnUsO10 H MgUsO10. Tpu-nentaypaHaT KaZ- 
MMs, HMelouLMH OOacTb romoreHHocTH oT CdO-3U0s3 no CdO-5UOs, ctpyKtyp- 
HO OJIM30K K poMOnM¥ecKOH 3aKHCH — OKHcH ypaHa. Halmennaa B culyyae 
cTponmun dasa SrO-1,5—1,75 UOs umeeT uckaxKeHHy!0 CTpykTypy Tuna Cake, 
BepOATHO C yIOpAOYeHHbIM pacnosowenvem Sr u U. Ananoruuupie cash Hali- | 
JleHbI B cHcTemMe BaO — UOs. Stu cha3bl cTpyKTypHo O1u3KH kK UOe. Takum 06- 
pa3oM, B HOJIMypaHaTaX MpHcyTCTBy!IOT MOO ypaHHJIbHble rTpymmupoBKH (no- 
JIMYpaHaTbl LeJIOWHBIX 3JIEMeHTOB), JIHOO COOTBETCTBYIOUIHe HM IemouKH 
—O—U—O— U—O-. 

O cxojcTBe CTpYKTYp BOLHBIX HU Oe3BOAHbIX YpaHaTOB MOXKHO CyAHTb Ha OCc- 
HOBaHHH JAaHHBIX O (pPa3OBOM COCTaBe OCaKJCHHBIX ypaHaToOB HaTpHa (1%), o cTpoe- 
HHM Trufpookucet ypaHvua (74, 1°), BowHEIX NOMMypaHaTOB OapHa uM CBHHAl 
(7°,1"), a TakxKe HaIMX HCCJIeLOBaHHH CTPOeCHHA OCaKJeCHHbIX ypaHaTOB HaTpusA} 
M KaJiaa. 

B OesBOJHBIX ypaHaTax ypaH HMeeT KOOPAMHALHOHHEIe acd 6 4 8, MpHuem 
B MOHOypaHaTax OKTaaspbI (UOz2)Os BcTpedaioTcA 3HaUYHTeIbHO Yallle, 4eM KYObI 
(UO2)Os. OruacTu 3TO, 110-BHJHMOMY, CBA3aHO Cc Goulee 3HAdHTeJIbHBIM B Mocwel-} 
HeM CJlyuae CxKATHeM KUCOposa (paccrosnue O — O nopsyKa 2,5 A). Hao6o-} 
POT, B BOMHEIX ypaHaTaxX, THAPOOKHCAX M OCHOBHBIX CO/IAX ypaHHJla KOOp]H-} 
HalWA KHCMOpOLa, THAPOKCHa WU BOAbI MOUTH HCKIIOUNTeMbHO OCYIILeECTBAAETCH! 
MO BepliHHaM KyOa (cxKaTOrO BOb OCH 3 NOpAAKa). ITO, OVeBHAHO, BLISBAaHO 
yMeHbIveHHem paccrosHua O —O 3a cueT oOpa30BaHHA BOJOpOAHOH CBA3H.} 
KoopMHalvouHoe uncuo 6 HalizeHo TombKO B B-UO2(OH)2. [ostomy ocHOBHBIM} 
3JIEMCHTOM CTPYKTYPbI BOAHBIX YpaHaTOB ABJIAIOTCA TeKCaPOHAJIbHbIe WH MCceB- 
MOreKCarOHaJIbHbIe COW, AHaJIOrHUHbIe HMeIONLHMCA, HampHmep, B CaUO,. 

ATOMbI KHCIOposa B ypaHaTax (Kpome KHCAOpoya ypaHHIbHOH rpynnupoB 
KH) MoryT 3ameujaTbca Ha F~, OH™- u H2O Ges cymecTBeHHOro H3MeHEHHA CTPyK-} 
Typbl. IIpH stom 3apag cmon UO2Xe(X =O, F, OH, H2O) ymennmaerc 
COOTBETCTBEHHO CTeNeHH 3a4MelCHHA, a2 3HAUHT YMeHbUaeTCA WH CYMMAPHbI 3a-4 
PA MOHOB, HAXOAWHXCA MEY COM. B cayyae NOWHOTO 3aMelLeHHA ATO 
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(OB KUCMOposa PTopom Nosyuaetca cTpyKtypa UOeFe, npw 3ameHe MOAOBHHEI 
ucopoga — NaUOsF. B rsepguix pacrsopax NaUOsF — NazU20; drop 3a- 
fellaeT ellie MeHbIee KOJIMYeECTBO KHCAOpoNa. 

IlomHoe 3ameljeHve KHCIOposa HOHAMH THAPOKCHa MpMBOAMT K OOpasoBa- 
MIO THAPOOKHCH ypaHusia (MeCTa KaTHOHOB MOryT 3@HHMATb MOJIEKY.JIbI BOB), 
acTHuUHOe — BOJHEIX ypaHaTOB. SameHa uacTH HOHOB FHApOKCHa MOJIeKy1amMu 
Obi COMpPOBOwKMaeTcH OOpasoBaHHeM OCHOBHBIX Covell ypaHusa. IIpu 3Tom 
O3MOXKHO KaK yIOpAOVeHHOe, TaK H HEYMOpALOVeHHOe pacnosoOmeHHe KUCJO- 
oa HW THAPOKcHla B ClOe, a TAKKE KATHOHOB MH BOMbI MEXKAY COAMH, T. e. 
OpasoBaHve OepTOMIMAHEIX H JaIbTOHHHEIX cas (B MocMeqHeM cydae Ha 
YeHTTeEHOrpaMMax OyfyT HaOsofaTbCA CBepXCTPYKTYPHble JIMHHH). 

YpaHaTbl HATPHA, NOJyYeHHbe NpH BEICOKHX 3HayeHHAX pH, umMenM CocTaB 
Va2O :2,3 UOs u ctpyKtypy CaUOs. Tlapamerpst KpHcTaIH4YecKOH pellleTKH 
YasO-2,3 UOs (a = 3,97; c = 17,66) * OnusKu K napametpam cropoypanata 
NaUOsF (a = 3,96; c = 17,70). Iipu uactuuHolt 3ameHe HOHOB HaTpHA Oosee 
(PYNHBIMH MO pasMepy MOJIeKYaMH BOJbI 3apsAy, ypaHWIKHCAOposHOrO cIOA 
/MeHbiaeTCA, a paccTOAHHe MexKy cCJIOAMH yBenMuNBaeTca (a = 4,01; 
>= 18,11). asa co crpyKtypoH# CaUO: moxeT cymlecTBOBaTb Jo cocTaBa 
Na2O -4UOs. Crpyxtypa cnesyromlel (basbl, cooTBeTCTBY1oOINeH Goulee KHCALIM ypa- 
jaTam c oTHOUIeHHeM Na2O : UOs < 1:4, xapakTepu3yeTtca mMeHee KOMMaKT- 
ibIM HAJIOXKeHHEM CJIOeB, YeM B CTpyKType Tuma CaUOs (Kaabii NocneLyromni 
JIOH HAXOMHTCA TOUHO Hal NpesbiAyuiMM). Ota crpyKTypa O1H3Ka K CTPyKTY- 
JAM IIPHPOAHEIX ypaHaTOB OapHaA HW CBHHIa H K CTpyKkType Oe3BogHOoro TpH- 
‘eKcaypaHaTa KaJlHa (B OTMMYHE OT MocueqHero BeCb ypaH B BOJHIX NomHypa- 
{aTaX BXOJMT B COCTAB YpaHuKHCOposHoro cioa). na 3ToH ashi XapakTepHO 
janHune cyOpauehku a ~ 7, b ~4 uc ~7. Takyto %e CTpyKTypy Meer 
CAKMCHHLIM TpHypaHaT Kala (TOUHeEe ypaHaTbI, OuM3KHe MO COCTaBy K TpH- 
ypaHaTy). YKa3aHHad CTPyKTypa MOXeT ObITb YCTOHYMBA TOMbKO Np pasmellte- 
{HH M@XKLY CJIOAMH KPYNHbIX KaTHOHOB (Ba, Pb, K) u Momekys BOBI. 

O6acTb TOMOreHHOCTH BOJHEIX ypaHaToB HaTpHa c Na2xO: UOs < 1:4 
SAXBATHIBAET THIPOOKHCh ypaHWa HW MaJlOpaCTBOPHMBIH OCHOBHOM HHTpar. 
aMH ObWO HalijeHO, 4TO OCawKZeHHe OCHOBHOrO HUTpaTa yxKe HaOsmofaetca 
IpH WZoOaBeHHu ofHOrO Moma NaOH Kk UO2(NOs)2 (B 1 M pacrsBopax).. Ecan 
33—ATb UOz2(NOs)2 u UOs B pacuete Ha momyuenve | M pactBopa UO2(OH)NOs, 
oO MomHOrO pacTBopeHua UOs Take He MpOHCXOLUT HU OOpasyeTcA OCcasoK oc- 
{OBHOrO HUTpaTa. Oa ocay{Ka lajoT OJHHAKOBbIC PCHTTeHOrpaMMbI, HaHOoee 
IpKHe JIMHHH KOTOPEIX HHAHIUpyroTcA C MapamMeTpaMH YMOMHHaBIeHcaA cyOb- 
aueHku (a~7,b ~ 4 uc ~ 7). Takum oOpa3om, cTpoeHHe BOJHEIX ypaHaTos, 
“HIPOOKHCH ypaHWJia MH OCHOBHBIX HHTPaTOB OJHOTHMHO H XapaKTepHsyerca 
IPHCYTCTBHEM YTeKCarOHAJIbHEIX (HIM NCeBMOreKcarOHaJIbHbIX) ypPaHH/KHCJIO- 
DOMHEIX CJIO€B, B KOTOPbIX KHC.IOPOA, MOXKeT ObITb 3aMeLeH THAPOKCHJIOM H BO- 
OH. 

PacnosoxKeHve MOJIeKYJI BOJbI BOKpyr HOHA ypaHHla B BOJHBIX MomMypana- 
TaX TaKOe Ke, KaK B BOJHBIX pacTBopax ypaHuua (1°) H TBepOM ypaHHJHUTpa- 
re (1%). Sto NO3BOIHeT HAM PaCCMATPHBATb MpOLMecchl, NPOMCXOLAuLWe pH THT- 
DOBaHHH Cole ypaHHia WleoubIO, KaK 3aMeHY MOJI€KYJI BOJbI B rHspaTHor 
pOo0uKe HOHA YpaHWla HOHAMH THApoOKcH1a WH 3aTeM KHCJOpoya MoO Ccxeme: 


[UOz (H20)s]?* + [(H20)sUO2 (OH)2 UO2 (H20)4P* > 


HOH ypaHusa MHOPOATeEPHbIH KOMMIeCKCHBIH HOH 
[UO, (OH, H20)s]" > [UO2z (OH)z]2, ~ [UOz (O, OH)a]35- 


TBepyble OCHOBHBI€ THIPOOKHCb BOWHbIe ypaHaTbi 
HHTpaTbl ypaHuaa 


C MOMCHTAa BbINaeHuA OCaqKa OCHOBHOH COJIM WIM THIPOOKHCH ypaHusa 3ame- 
MleHHe ajeHOB WeT B TBeEpAOH case HM MpOMecchl pe3sKO 3aMesJIAIOTCA, BCJeL- 
CTBHe YEO BOSMOMKHO HelpepbIBHOe H3MeHeHHe 3apsafa clon. OOpasyoulHeca 


| * 3HayeHHA MapaMeTpoB Besse AalOTCH B KHJIOHKCAaX. 
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COeCAMHEHHA MOFyT HMeTb LIMpOKy1IO OO6acTb TOMOFeHHOCTH, MOSTOMY COCTAaB 
BOAHBIX MOMypaHaTOB OObIMHO HE COOTBETCTBYeT.NpOCTBIM CTeEXHOMeTpH4UeCCKHM 
(popMyviaM. 

Takum o6pa30M, ypaHaTbl, C TOUKH 3peHHA HX CTPOeHHA B TBEpJOM COCTOA- 
HHH, MOXKHO pasfeHTb Ha 7Be rpynmpt: 1) HcTHHHbIe ypaHaTHI, B KOTOPbIX B TOM 
WJIM HHOM BHJle IIpHCYTCTBYIOT COOTBETCTBYIONIHe CTPYKTYPHble CAHHHUbI, COCTAB 
KOTOPbIX 3aBHUCHT oT cocTaBa ypanata (Me!!UOc, Me!!(UO2)O2, Me}(UOz)Os, 


Me!(UO2)O1,5, Me!UO2(O, OH)2 u T. 0., 2) Oe3BOqHBIC NOMMypaHaTHI AByXxXBa- 


JICHTHBIX 3JICEMCHTOB, KOTOPble IpaBMJIbHee paCCMaTPHBaTb Kak JBOHHbIC OKHCJIbI 
UNM TBepAble pacTBOpHI. 


MockoscKHH rocyapcTBeHHbIM yHHBepCHTeT Tloctynuno 
um. M. B. Jlomonocosa 24 XII 1960 
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Jloxaangn Akajzemun Pe GCGOGP 
1961. Tom 128, 3 
XHMH & 
WM. B. KAJEUHMW, B. ©. JHMOBHY u B. B. BhIXOBAHEL 
M3YYEHWE MEXAHH3MA JECTPYKTHBHOH PHAPOPEHH3AUNn 
BEH3SOJIA C NOMOLIbIO MEYEHbIX ATOMOB 


(ITpedcmaeazeno axademuxom A. A. Baaaxdunsim 22 XII 1960) 


IIpu ruqporenusaluu apomaTuyecKHXx yreBOLOposoB B NpHCyTCTBHH mpo- 
MBILLJICHHBIX CYJIbHAHBIX KaTaM38aTOPOB B YCJIOBHAX BbICOKUX JaBeHH i 
reMilepaTyp, KaK H3BeCTHO, MpOTeKalOT HE TOJIDKO peaKI[HM COOcTBeHHO THpu- 
JOBAHUA, HO TakxKe peak M3omMepH3allMn Hu pacitenmenua (1,7). Konmentpa- 
IMM MIpOMyKTOB peaKIHH C POCTOM BpeMeHH KOHTaKTa H3MeHSIOTCA Tak, 4TO B 
1epBOM MpHOAWKeHHH MpOWecc MOXKHO NpeLCTAaBHTb CXeMOM MOCJEMOBATeJIbHbIX 


yeakuHH (°): 
é —- 
— = —— npoayKTbl (i) 
pacurenaeHHA 


Oguako 9Ta CXema He OTparKaeT CJIOMKUBINMXCA B3PALOB Ha H30MepHsaluio 
<ak peaKILHIO JlerHporHypupoBanua (°), coracHO KOTOPbIM H30MepH3alluH 
{OJDKeH MOBepraTbeaA He WAKOreKkcaH, a WHKorekceH. Tak Kak Mocwequui 
MOxKeT OOPasoBaTLeA IPH cTyMeH4YaTOM THApHpoBaHHN GeH30/a NO LyOneTHOMY 
mexaHuamy (°), Oblia mpeqomweHa cxema mpeppamennit§ (°) 


— npoayKty 
pacwenaenna (2) 


<oTOpad, KpomMe rHApHpoBauua (a) H H30MepH3allHH (B), NpewnoNaraeT BOSMOXK- 
10CTb HeMOCpefCTBeHHOTO OOpa30BaHHA MeCTHJIMMKIONeHTaHa Hu3 OeH30/a 
peakuMA PHpousomMepH3alHH, NyTb 6). 

C wesbio NPOBepKH STOTO NpeANoNOKeHHA ObIIH npoBenenLi ONbITLI THEpo- 
reHH3allHH CmMecelt OeH30sa WH WHkKOreKcaHa (1: 1), B KOTOpbIX OLMH 3 KOMIIO- 
HCHTOB METHJICA palMoakTHBHbIM Hu30TOTOM C4. [yporenusallvio NpoBoxHH 
3B JIBYXJIMNTPOBOM aBTOKJIaBe B IIPHCYTCTBHH MpOMbILJIeHHOrO KaTamusaTopa WS2 
ap 420 + 2°C nu 140 atm. HauanbHoro JaBsenua. UroOni mpomecc He ocs0xK- 
HAJICA Pa3JIMYHBIMH BTOPHUHbIMH peaKIMAMH, ABTOKJIAaB HarpeBau Jo 420°, 
Tocse Yero OLICTPO OXMaxKTaIH B OaHe c Mporounou Boson. B onpite 11 Aa cpaB- 
HeHHA padouan TemiepaTypa nosepxKuBaslacb B TeyeHve 3 uac. Uroonr noL- 
TBePAHTb OOpasoBaHHe WHKMOreKceHa KaK NPOMeKYTOYHOrO TpOykKTa, B ABYX 
ynbitax (19 u 22) k cmecH c NOMOIIIbIO ClelHasbHOrO YCTPOlCcTBa Mp WocTux«Ke- 
iHH padoueH TemnepaTypb! WOOaBANIOCh HEOObIWOe KOMMGECTBO MeYeHOrO LHK- 
moreKkceHa. MuquBusyasbHblii cocTaB FuyporeHu3aTOB yCTaHaBJIHBau C MO- 
MOUIbIO XPOMATOrpaduyecKkoro passeseHHA H PpeKTUMKAaWHN Ha KOJIOHKe 930)- 
bexTuBuHoctbio 60 T. T. (Tada. 1). 

_ B onpitax c meweubim 6eH30J1I0M, OCOOeHHO IPH MaJIOH MpOLOMKUTEMbHOCTH, 
yYeIbHaA PaHOaKTHBHOCTh METHJIHKJIONCHTaHa 3HAYHTeIbHO BbIMe TAKOBOM 
Iuksiorekcana (onpitp! 15 u 23), a B OMmbiITaX C MeYeHbIM IWHKIOrekKcaHOoM — 
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" Ta6Omnuna id 


Marepwaapupie GalaHcht h OalaHCbt payMOaKTHBHOCTH OMBITOB JECTpyKTHBHOH THI poreHusalnu 


Bpeneno Buejexo 
ss la ay eae 
5 Tlokasatenu Ge ae Nee , za |e | 
B Oy Wh | LAM Sel t 
2 S XS Se | ae 
a fats Le 
414* | MarepHasbHbll Oananc, r 85,6} 77,9} — | 3,3 | 50,7; — | 69,0} 25,2) 15,3 
Y jeubHad paqhoakTHBHOCTb, 
% oT HCxXO,HOM 100 — | — | 9822) 4342} — |5024)6644) — | 
PacnipegeseHue CYMMapHOH ak- “ta 
TMHBHOCTH, % oT HcxomqHOH {100 —{|— | 4,0 | 24,7) — } 38,5] 18,3} 14,5 
45 | MarepviaspHbtii Oamauc, r 92,0} 92,3) — | 56,3 | 96,3) — |} 18,2) 4,2} 42,3 
YjlebHad pasMoakTHBHOCTh, 
% OT HCxoAHOH 100 — | — | 9843) 1941; — | 6541) 8541); — 
Pacnpejewenue CyMMapHOli aK- 
THBHOCTH, % OT HCXOJHOM 100 — | — |60,2 | 19,4; — | 44,9) 1,0) 7,6 
17 | Marepvanbuplit Oanauc, Pr 93,7| 93,6} — |43,4 |410,8) — | 43,9} 2,1) 17,4 | 
YeulbHad pakvoakTHBHOCTS, | 
0% OT HCXOqHOM ==5 |) a= QO” 16922)" = | 483°11 5462) 
PacnpefzemeHue CyMMapHOl aK- 
THBHOCTH, % OT HCXOJHOH — 100 |} — 0 77,7, — 6, 8) tt Aaa 
19 | MarepvadpHpli OanaHc, © 92,4) 91,2) 25,2) 62,2 |125,8 — | 18,5) 3,0) — 
Y 1eJIbHasd paHOakTHBHOCTS, 
0% OT MCXO_HOK — |} — ]400} 3244/1741} — |1542) 1341) — 
PacnpeneneHue cyMMapHOH ak- 
THBHOCTH, % OT HCXOJ[HOW — | —1|400} 3,6 | 82,2) — | 10,7 ;o) 1,78 
22**| MaTepHaJIbHB OaaHc, Pr 92,2) 93,0) 25,2) 82,5 1420,2| 7,7 | — | — 0,2] 
YjlebHad pal[MOaKTHBHOCTD, 
% oT HCxonHO — | — |100 O | 4541) 9843} — | — | — 
PacnpeyeneHHe CyMMapHOH ak- 
THBHOCTH, % OT HCXOQHOH — | — }100 O | 74,2) 30,2) — | — 41,4. 
23 | MatepvampHpli Gastauc, © 92,5} 92,2) — |58,8 |101,8) — | 15,0 AOR Mess! 
¥Y @ulbHaxdt paquoakTHBHOCTh, 
% OT HCXORHOH 100 — | — {1002} 9414; — | 492) 6242) — 
PacnpeyeneHwe CyMMapHOM ak- 
THBHOCTH, % OT HCXOAHOU 100 — jf) — \OS,0m eos ot UA GEA ate 
24 | Marepwanbublit Oananc, © 92,0; 91,6) — | 59,0 105,38} — | 14,8 41,8) 2,2, 
Y WesbHad paluoakTHBHOCTh, 
% OT HCXOqHOU — 400 | — QO | 78441) — | 34414) 3641) — 
Pacnpegenenue cyMMapHOM ak- ! ; 
THBHOCTH, % oT HCXOAHOU — 100 | — O | 90,7} — S50| Oliv ie ae 


_* IlpogosxuTesbHOCTb onbitTa 3 4aca, 
** Onbit 6e3 KaTanusaTopa. 


HwKe (ombiTs 17 wu 24). Sto MoKasplBaeT, UTO 3HAYMTeEMbHAA YACTb MCTHIWLUKIO- 
MeHTaHa OOpasyeTca U3 OeH301a HeMOCpeCTBeHHO, Ge3 AecopOuHH c noBepx- 
HOCTH KaTasusaTopa. IIpH WWIHTeIbHOM BpeMeHH KOHTakTa (onbIT 11) yqembHEIE 
aAKTHBHOCTH COJIMKAaIOTCA, HO BCe 2Ke B MeTHJIMMKJIONeHTAH NepexoxuT Oovwbiie 
aKTHBHOCTH, ¥eM B WHKoreKcaH. Jlannpie Ta6n. | nosBOMAIOT OObACHUTS TakxKe 
KaKYIMYIOCH KOHCCKYTMBHOCTS mpotecca (3): Np MasJIOM BpeMeHH KOHTAKTA,| 
KOrla KOHIeHTpaluu OeH30a H WHKIOreKcaha OU3KH, Oombulad uacTb GeHsoNal 
ipeBpalilaerca B WHKJIOreKcaH (T. e. MpeoOaqaeT MyTb a cxembl (2)), Tak Kak 
B MOCJeqHeEM COCpeMOTOUMBAeTCA OOJbIWAA YACTb AKTHBHOCTH MpeBpallleHHOoro 
OeH30/Ia; OJHOBPeMeHHO MIpoTeKaeT peakIlMa rugpousomepH3anuu (nyt 6).| 
IIpH IHTeIbHOM BpeMeHH KOHTAaKTAa, TO Mepe HspacxofoBaHua OeH3oua, Ha4dH- 
HaeT mpeoOjayaTb ero MpeBpauieHve B MeTHJIMMKMONeHTaH MH, Kpome Toro, 
MOCeAHHM BCe B OOJbIIMX KOJIMYeCTBAX HAUMHAeT OOPASOBLIBATbCA H3 WHKIO 
rekcana (MlyTb B), 34 C¥eT ¥YerO HM BbIPABHUBAIOTCA YebHbIe AKTHBHOCTH. 
Jjanupie MaTepvasbHoro OamaHca M OamaHca paMoaKTHBHOCTH Mo3sBONsI0 
HPHOJIMKEHHO OMCHHTb COOTHOWEHHE M@XKY HHTCHCHBHOCTAMU HaSBaHHBIX pe 
BpalleHH B MOMeHT, KOFla KOHIeHTpalHH OeH30a MH WHKNorekcaHa 613K 
MexKTY cobon, 
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O6o3Hauaa AONM Moven, pearvHpyroulve MO BO3MOXKHBIM HalipaBJIeHHAM, 


u 
——— npulyKTB 
PactuenrenHsA 


lepes x, Y, 2, U, MOKHO Momaratp: x + y — KOJIMYeCTBO TipeBpaTuBerocsa OeH- 
sola, X—2Z—KOJIMYECTBO BHOBb OOpa3so0BaBilleroca WHkKOrekcaHa, y -- z— 
‘— KOJIMYeCTBO OOpasoBaBlleroca MeTHJUHKJONeHTaHa, X/yY—OTHOWeHHe Joseli 
)aMOAKTUBHOCTH WHKJIOreKCaHa HW MeTHJIMHKJIONCHTAHA B OMbITaX C MCUEHBIM OeH- 
30JIOM, 2 — AOI AKTHBHOCTH, Mepeliesilad B MCTHJIMLMKJIOMNeHTAaH HW MpOLYKTHI 
acHeMeCHHA B OMbITAX C MeUCHBIM WHKoreKcaHoM (Tau. 2). Tannpie Tab. 2 
OHAPYKUBAIOT YOBNCTBOPHTEMbHYIO KAYeCTBEHHY!O CXOJHMOCTb pe3YJIbTATOB 


TaOanna 2 
VMHTeHCHBHOCTH OTJeCJbHEIX peakwHh (r/Moub) 


OnbiTbl Cc Me€4eHBIM ILHK- 


OnuiThl c MeveHbIM 6eH30JIOM ylOreKCaHOM 
Peaxwus : 
15 23 17 24 

[Hapupopanue GOensoma B UHKsOreK- 

caH (x) 0,239 0,218 0,454 0,270 
Cuypous0mMepusanua OeH302a B MeTHAI- 

WHKJONeHTaH (y) 0,149 0,176 0,134 0,134 
VYsomepx3alud unkKsoreKcana (2) 0,106 0,047 0,082 0,067 
PaciilenvieHHe MeTHJUMKsONeHTaHa (i) 0,015 0,028 0,028 0,044 


HM MOATBEpKAaoT H3JIOKeHHYIO BbIllle CXemy Mpotecca: Opicrpee Bcero HeT 
rHIpHpoBaHke (yTb a), asee cmeqyer ruspon3somepH3alHA (NyTb 6) H He- 
CKOJIbKO MeJJieHHee — H30MepH3allHA (MyTb B). HawOosee MeqJIeHHO B JaHHbIX 
yCIOBHAX MpoTekaeT pacillenenHe. 

OnpiTHI C JoOaBKO MeYeHOFO LLHKJIOreKCeHa CBHJCTEJIBCTBYIOT B MOJIb3Yy TIped- 
CTaBJICHHA O HEM, Kak O MpoMexyTOUHOM mposyKTe. BcmeycrBue BpicoKoli 
peaKUMOHHOH CNOCOOHOCTH WMKJOoreKceHa, mouTH Ha °/4 rHApHpyrouleroca axe 
B OTCYTCTBHe KaTasM3aTopa (onbiT 22), cmeqyeT moaraTb, 4YTO B ONbITe 23 AMUIb 
OUeCHb HeEOO/IbWIaH ero YaCTb MpeBpaTHJaCb KaTaJIMTHYeCCKHM IIyTeM, HO TEM He 
meHee 10,7% BBeeHHOM AKTMBHOCTH Mepelllio B MeTHMMMKIONeHTaH. Crelyer 
OTMETHTD ellie JB€ 3AKOHOMePHOCTH: YJeJIbHbIe AKTHBHOCTH *KHAKUX MPOLYKTOB 
pacilenJIeHHA Bcera BbILe TAKOBLIX MCTHJIMMKJIONeCHTaHa, YTO CBHeTeMbCTBYeT 
06 H30TONHOM SdibekTe, H CHMOATHOCTb H3MCHEHHA YJeCJIbHbIX AKTHBHOCTeH Me- 
THJIMMKJIONCHTaHa HM MpOAYKTOB paciienJieHiA, B TO BPeMA KaK Me@*KAy yeJb- 
HBIMM AKTHBHOCTAMH IMKsIOreKcaHa H MpOAYKTOB paculenJieHHA CBA3H HeT. OTO 
CBHJCTEILCTBYeT B MOIb3Y MpescTaBsJeHHA O HEBEPOATHOCTH HellocpesCTBeHHOrO 
paciileneHHA WuKorekcaHa 6e3 ero MpOMexKYTOYHOH H30MepH3allMH B MeTHIJI- 
UWHKJONCHTAaH, BbICKa3aHHOTO pauee (*) Ha OCHOBe JaHHBIX O COCTaBe ruJporeHH- 
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Jloxzanm AkayemMuu nayr CCCP 
1961. Tom 138, Ne 2 


XHMHA 


B. H. JIEOHOB, C. H. AHAHYEHKO u H. B. TOPFOB 


HOBbIH MYTb CHHTE3A CTEPOMAHbIX COEXMHEHHH. a 
NOJIHbIM CHHTE3 di-8-M303CTPOHA 


(IIpedcmasaexo axademuxom M. M. Ilemaxuneim 22 XII 1960) 


uz 3-metokcn-A!: * ° * '4-D-romoscrpanentaevoua (I) yepes meTusoBpiit. sup 


B oguot us pador (*) MbI CooOnIMIM oO TouHOM cHHTese d/-acTpoHa, HcxosA ; 
8,9-nerumpo-D-romoscTpoua (II). | 


H.C 


cTagzHal 


at) HO 


B HacTosuleH cTaTbe omHcaH cuHtes dl-8-usoactpoua (III) Ha!ocHose mer- : 
oxcuKeToua (II), cormacHo caeqyroulei cxeme: | 


CH,O 
(}V) 


HO (1H) 


IIpu KaTaiuTHuecKoM rHApHpoBaHuu meToKcukeToua (II) B mpucytTcTBHH | 
30% -HOro MasiaquaA Ha YPeKHCJIOM CTPOHUMH MpOHCXOLZNT, Kak OOBIMHO, WMC- 
TIpHcoequHeHHe BOZOposa M OOpasyeTca MeTHMOBLIM stup D-romo-8-H30acTpo- 
Ha (IV). Kongencauueli nocnequero c cbyphyposom nowyyeHo mpoH3sBoqHoe 
(V), KoTopoe npu gelicrBuH nepeKHCH BOJOpoNa B WeMOUHOH Cpeqe OKHCAANOCE 
B AHKapOonosyio Kucuory (VI). Wuposmus kucsoter (VI) B npHcyTCTBHM yruieKHc- 
Jioro cBuHIa (?) NpHBemn K MeTHOBoMy acpupy dl-8-n30acTpoua (VII), KoToppiit 
IPH HarpeBaHHu C XJOprHsApaTom mupuyzuHa Aas dl-8-u3zo0acTpou (IIT). Temnepa- 
TYPbI MWiaBienua KucoTH (VI), KeTona (VII), d/-8-n309cTpona (III) u ero 
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JeHSOaTa COBMAIM C JHTepaTypHbIMH TaHHbimu (*). CmemlaHHaa npo6a msaB- 
1eHHA MeTHOBOrO acdupa d/-8-H309cTpoOHa C 3aBeJOMBIM OOpPasIloM He Jama Je- 
IpecCHH TeMMepaTypbl W1aBIEHHA, a HX W.-K. CNEKTPbl OKa3aIHCb NpakTHyecKH 
U,CHTHUHBIMH, 

CpaBuenve oOpa3iloB HW CHATHE H.-K. CMeKTpa Oblm0 s106e3HO BbITOJIHeHO 
ipod. JKonconom 4 AGparamcom B BuckoHCHHCKOM yHUBepcutTete, 3a 4TO MBI 
sbIParKaeM HM PulyOokyto OsaroyapHoctD. 


; IKCNEPUMEHTAABHAA WACTH 


Merwaosbilt sup 8,9-qeruzpo-D-romosctpoua (II) nomzyyanca mo MeToyHKe, 
HCaHHOH HaMH pauee (') rHapHpoBannem kKeToua (I) B TerparuApodypaue BpI- 
OKOH UHCTOTHI pH TemMepatype He Bbile 20°, B IpHCyTCTBHM CBexKeNpHroros- 
ICEHHOFO MasaqWA Ha YIVI€CKHCJIOM KaJIbILHH. 

Tugpupospaune KetToua (II). 2,5r kerona (II) B 24 mn Gen30na 
112 mm a6c. cnupTa fYHf~pHpoBanH B mpucytcTBHH 0,6 r 30%-ro 
laniaqua Ha YII€KHCJIOM CTpOHUHH. 3a 7 uac. mormoTHoch 191 mn 
soopoya (21°, 755 mm) BMecTo 205 MI no TeopHH HW rHApHpoBaHHve MpakTuyeckH 
IpeKpaTusiocb. PacTBop @HJIbTpoBasIH, OTOrHaJIM paCTBOPHTeIb HU ocTaTOK 
(PHCTAaMH3OBaIH U3 sTHaueTaTa. Ilonyyeno 1,43 r (57%) MeTuoBoro adupa 
)-romo-8-H30acTpoHa (IV) c T. na. 122—125°. Uncrpiii Keron ngaButca (moce 
(BYKPATHOM NepeKPHCTAaIUsallMH U3 STHMaleTaTa) MpH 128—128,5° u paer pes- 
yo empeccuio (105—109°) npu mpobe cmelieHuA C HCXOMHBIM MposlyKTOM. 
axe (B Ciupte )279 u 286 mp (Ig € 3,32 u 3,29). 

Hafizeno %: C 80,7; 80,55; H 8 
CopH2602. BaryueneHo %: C 80,5; H 8 


AL OCMORS 
8 
KoHweuxocanuaA MeTHAOBOFTO IPuUpaAa D-romo-8- x3 0- 
cTpoHa (IV)chypdypoaom. 4,0 r xetona (IV) pacrBopanu npu 
arpeBaHun B 400 Ma MeTaHOJa, K OCTHIBLIeMy pacTBopy JoOaBiAnH 3 Pr cBexe- 
eperHaHHoro cdbypdypoua u pacrpop 18 r NaOH B 150 ma meranHosa. Cmecb 
e€peMellHBasIH B TOKe a30Ta mpH 50—60° B Teyenue 4 4ac., OCTABJIAIH Ha HOUb 
| BBIMABWIHe KPHCTaJJIbl MpOMbIBaIH BOON Hu MeTaHosiOoM. TlomyyeHo 4,63 r 
91%) dypdhypHauzeHoBoro mpousBogzHoro (V) c tT. na. 160—163°. Unctoe 
oeHHeHHe nwlaBuTca mpH 167—167,5° (u3 cmupTa). Ayaxc 218 Hu 323 Mp (Ig e€ 
,10, 4,36). 
Haitieno %: C 79,4; 79,4; H 7,4; 7,6 
Cy5H2g03. BprsucneHo %: C 79,79; Hi 750 
Myorga coeqHHeHve nosyuaetca B Apyrol MOLMUKAMMN C ABOMHON T. IW. 
40—141 u 167—167,5°. Ilpu 6-mecauHom CTOAHHM BTOPad MOAMPHKAaAUHA Mepe- 
OJUT B nepByro. Jixoncon (*) qa coeqHHenHa (V) upHBoguT T. nat. 149—150,5° 
Amaxe 322 Mp (Ig & 4,35). 
AnasorM4Hpim mytTem (Harpepanue 18 uac.) c BbIXoom 66% Opbiio0 MoyyeHo 
CH3MJIMMCHOBOe TpOHsBomHoe, T. m1, 170—170,5'. Ayacc 282 mp (Ig € 4,33). 
Elaimenonone © 85.9; Gono; Lit, ato 
Co;Hg9O02. BaruucneHo %: C 83,9; Ho7 


‘OO - 


3-MeTHAOBHLH 9Pup romo-8-H30MappHaHOTeBOH KHC- 
o TnI (VI). K pacrsopy metunata naTpua (u3 27,9 r narpua u 400 ma meta- 
ola) WoOOaBanu pacrBop 1,5 r bypdbypuansenoBoro npousBoguoro (V) B 250 m1 
eTaHowla H 3aTem cpa3y 280 ma 30%-i nepeKuCcH BoJoposa, IpHyem Temmepaty- 
a nlojusviacb fo 50°. Cmecb nepememuBaiu mpH 45—55° B TeyenHe 8 yac. Jo 
cue3HOBeHHA Oenoro ocasKa, ylapHBasH B BakyyMe JO YeTBepTH OOBbeMAa, 
asOaBAIH BOOM HM SKcTparHpoBanH apupoM. Bogut cow NoskucAAIH 
0%-i H,SO, uw NATH pas SKCTparnpoBanH 3pHpOM. OKCTpakT MpomblBaiu 
eOO/IbIUMM KOMUECTBOM BOA, pacTBopom coH Mopa, cyliMnH cyapdatom 
ATPUA WM yNapHBanu. KpucTaimusauHeli ocraTKa us OeH30na nosyyeHo 1,09r 
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(77%) xucaotm (VI) c T. na. 208—211°. Uncram o6pasen uMmeeT T. mI. 
212—214°. Jixoucon (%) npHBoguT T. na, 214—217°. 

MetuaonpyHnk amup dl-8-nu309cTpoHna (VII). Toko usmenb- 
yeHHy10 cmecb 0,49 r KucsoTH! (VI) w 0,58 r KapOonaTa cBHHIa HarpeBalu B 
KoO04Ke JIA MHKponeperonKH ripH 280—305° nu 0,06—0,09 mm B TeueHHe 
30 Muu. JIMCTHIAT MO OXaKLeHHH 3akpHcTanmusoBasica. [locne KpucTasn- 
3allHH M3 ciiupta nomayyeHo 250 mr (68%) metHnoBoro adupa d/-8-H309cTpoHa 
(VII) cr. na. 150—151°. AnanuTuueckui oOpasen uMeeT T. mu. 154—155°. Ayaxe 
278,5 wu 286 mp (Ig € 3,31; 3,29). I>koncon (*) mpupoguT T. na. 152,5—154,5°. 

dil-8-u1303cTpou (III). Cuecb 200 mr metuHnozoro adupa dl-8-n3093cT- 
poua (VII) u 4 r cBexKenpHroToBseHHOrO X/OprHspata NHpHAHHa HarpeBau 
B TOKe a30Ta mpH 200—210° B TeueHHe 2 uac. IIpoxyKT peakunu B36aTHIBaJIH 
c 40 ma 5%-H HCl uw skcTparupoBasH xXOpodopMoM. SKcTpakT MpOMbIBaJIH BO- 
JO, PuALTPOBaH, yWaANH pacTBOPHTesb H KPHCTaNNM30BaIH OCTaTOK H3 
metaHosa. Ilonyueno 66 mr 8-u30acTpona (III) c T. na. 251—252° (c pa3.1.) 
Jixkoucou (*) npHBogzuT T. nm. 254—255°. 

Ben3ounHpopanHem 8-n309cTpona (III) no Worres —baymMany nosyuen 
GeH30aT 8-M303cTpoHa ¢c T. Tit. 197—198° (u3 meraHona). JIxoncon (°) QaeT 
T. ma. 197—198°, 
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UWHMTHPOBAHHASA JIMTEPATYPA 


4eHko, B..H. Jlieonon, A, B. Wawaronona, 1. Bot op ros, 
2W.S. Johnson, D.K. Banarjee et al., J. Am. Chem. Soc., 74 
» JOHNS om A. DiawviaidretaleendseAme Chem. Soc., 80, 661 (1958). 
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386 


Honazann Ananemuu nayx CCCP 
1961. Tom 138, M 2 


XHMH4 
Cc. M. MAKHH 


HOBbIM CNOCOB NOJIYYEHHS NOJIMEHOBBIX AJIbNETHOB 


(iT pedcmaeaeno axademuxom H. B. Kxyxsauem 3 XII 1960) 


Cpe MOJMeHOBEIX aJIbderHyoB oco6oe 3HayeHHe uMeeT 3-C,9-anbyerng (VII), 
au -8-(21, 6, 6!-rpumeTuauukoreKkcen- 1}- Ha) -2,6- nuMeTuOKTaTpHeH-2,4,6- 
Jib-1, ABJIAIOW[MHCA OCHOBHbIM MpOAyYKTOM B cuHTese B-KapoTuHa ('). B Ha- 
TOAMIEM COOOUICHHH ONMcbIBaeTCH HOBbIH croco6 nosyueHua B-Cj9-abyernya 
(3 B-Cyy-anbgernfa (V) w alleTana 7-OpomTHraHHoBoro anbyeruga (II) peax- 
wie Butrura. O BOo3MOxKHOCTH HCHOJIb30BaHHA B 93TOM peaKIHH rajouy- 
leTayieH paHee He OblJIo H3BecTHO. IIpHmMeHeHHe B,,peakIMH Butrura pa3sH4- 
ibIX PaloHMalleTanel, JierkO Nojlyuaemblx H3 1-anKOKCHJMe€HOB, OTKPbIBaeT 
IPOCTOH TlyTb CHHTe3a TOJMeEHOBBIX aJIberHuoB. 


CH; CH—CO, CH, 


| | 
CH, =CH —C = CHOCH; + CH,—CH =C—CH (0CH;):—> 


C,H,OH 
(1) (II) 
CHg 
CH,—cH = ¢—cH (OCaHs)s 
| 
Br-Pt (CeHs)3 


P (C,H); CH,ONa 
SS Ee 


> 


(III) 
CHs 


| 
C.He)a P= CHi— CH = C — CH (OGHs}, 
(IV) 
CH; 
(iV) 


Ses, l 
eames ae iG re ee 


(V) 
CHs CHs 


| | 
| * tiie. mC ech = CH CH = CLCH fone 


(VI) 
CH. CHs 


St l 
10% HPO, }— CHaCH — C—CH =CH—CH =C —CHO 
= (VII) 


1-Oroxcu-2-merun6yrannen-1,3 (1) (7) gelcTBHem OpoMcyKIMHHMHa H 
cnuptTa npeBpamlaerca B AMSTHayeTatb Y-OpoMTurMHOBorO asbgeruga (11). 
Tlocnequuit B acbupHom pacTBope BBOAATCA B peakuMio c TpHdenHdpocpunom, 
B pesysabTate vero nosyyaetca 4-(1, 1-qu9ToKcu-2-meTHOyTeH-2-H1)-Tpupenua- 
docponuiSpomuy (III). Becb 2ToT mpomecc npoBogutTca Oe3 BbIAeeHHA Mpo- 
MEKYTOUHEIX MpOAYKTOB (pakTHYeCKH B OMHY oOMepallHto. 
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B janbueiiuem B-Cis-apgernug (V) 4 doccdouveBas comb (II1) pacrBopsarwrtes 
B MeTaHOJe 4 OOpaOaTHIBaloTCA MeTHaTOM HaTpHa. IIpu stom cbocbonveBan 
cob (III), ormenas OpoMHCTEIH BOAOpOA, MpeBpaulaeTca B docopHseHOBOe 
coequHeHve (IV), Koropoe pearupyet c B-Cis-abyerngom (V) c oopasopaHHem 
WMSTH-aletanaA B-Cio-ambyeruga (VI). 

Bpixof Ha BCTYNMBUWIHH B peakuHio B-Cis-anbzeruy 78,5%. IIpu rHpomuse: 
IMeTuanetana B-Cio-anpnernga (VI) 10% doccbopHol KucuoTol o6pasyetca 
8-Cio-anbgeruy (VII) B BHZe CMecH ABYX CTepeonsomepHBIX opm. Ionyyenupm 
8-Cio-aibgerug (VII) umeet xapak- 
TepHYIO JWIA TpHeHaeH mouocy 
MOPJIOWCHHA Ayaxe (B  CcHupTe) 
327,5 mp (e 23500). Crpyxrypa 
mouyyeHHoro albAeruga (VII) noz- 
TBeEpKlaeTCH TaKKe U.-K. CMEKT- 
pom norsomueHua. Ha puc. | no- 
Ka3aH H.-K. CHeKTP MOPIOWeHHA 
8,65% pactBopa B-Cis-aibqerusa | 
(VID) B..GGle: Bauay iA cpaBue— 
HHA NpMBeeH H.-K. CMeKTp MOrs0-| 
meHHa 9,45% pacrBopa B CCl« 
H3BeCTHOrO B wHTepaType (*) 
MOJIHOCTbIO TPaHnc-B-Cis-abAerHya | 
ae 7 pee CJ} ss TedW O4 00"); | 

ee 1000 7006»: VnMBu_yaibHble cTepeous3o- 
Puc. 4 MepHbie (OpMbI BbIJeIAIHCb B_ 

Bune 2,4-HHHTpodeHHIrHypaso- | 

HOB ITYT€M KPHCTaJJIM3alHH M3 cnHpTa. BbicokKomiaBKHH WH MeHee pacTBO- 
PHMbIM TOJIHOCTbIO TpaHc-H30Mep HMeeT T. 1. 199—200° wu He gaeT Je- 
ipeccHH pH COBMeCTHOM lvwlaBleHHH c 2,4-lMHHTpPOdeHHITHApasoHOM 3aBe- 
MOMOrO OOpasiia NOJHOCTHIO TpaHc-B-Cis-asIbAerua. Ayaxc (B H300KTaHe) 396 MUL. 

Bouiee pacTBOpHMbIi Hc-H30Mep HMeeTT. Ht. 167—169°, Awaxc (B H3OOKTaHE) 
397 mp. Tak KaK mp peakuuH Buttrura oOpMHO nowyuaeTcaA NBOHHaA CBASb, 
MMeIOWand TpaHC-KOH@HrypallHio, TO BepOATHO, YTO B NOMyYeHHOM H30Mepe 
WBOMHAA CBA38b, HMelIOULad WHCc-KOHHrypaluio, HAXOLMTCA B NOOKeHHH 2—3. 
OgHako JIA WOKa3aTeMbCTBa 3TOTO MpeMOMOKCHHA HYXKHbI JONOMHHTEIbHbIC 
HcceLOBaHUs. 


NloenoumeHue 


QIKCNeEPHMeHTANbHAA WACTb 


8-lMoHOH NosyueH WHKIH3alueH mceBqonoHoHa 100% cepHoh KHCOTOI 
B pacTBope HuTpomerana (%). T. Kun. 80° (0,07 mm), 1791,5181, Amane 
(B cuupte) 222 mp (e 6980), 296,5mpy (e 10300). 
-Cyy-albweruy mosysen uz B-wonona peakuuei Jlapsana ('). 
n= 1,5095, Axaxe (B H300KTaHe) 224 mp (e 17000), 280 mp (e600). 
4-1,l-Tuatokcu-2mMmeTtTua6ytTeu-2ua)-TpUudbenuadoc d o- 
HHHOpom#H gD (III). K pacrBopy 22,4 r 1-sToKcn-2-metun6ytTanuena-1,3 (1) 
B 40 Mi GesBOqHOrO STHOBOrO CNupTa npu Temnepatype 10O—15° B armocdepe | 
a30Ta H TIpH SHeEprH4HOM MepeMelIMBaHHH B TeyeHue 45 MHH. YacTAMM OOaB- | 
weno 36,5 r OpOMCYKILHHUMHMa. Cmecb nepemMelIHBalacb mpu 20° B TeyeHHe 
1,5 aca, nocme vero BLINaBLIMA CyYKUHBUMH], OTPHJIbTPOBAH, NPOMBIT Ha PUIbT- 
pe 9¥pom, a MaTouHbI pacTBop, coslepsamHi 4-6pom-1, l-qu9TOKCH-2-MeTHI- 
Oytren-2 (II), qoGapnen K pacTBopy 52,4 r Tpudbenundochuna B 300 ma cyxoro 
opupa. PeaxiMonnas Macca nepememimBasiacb mpH 20° 10 uac., a 3aTem 4 uaca 
pW KuneHHw spupa. Bumasuiui ocagox 4-(1,1-—usToKcu-2-meTun6yTeH-2-Ha)- 
TpudenunocdouuiSpomuyza (III) orpuapTpoBaH HM BbICYWeH B BaKYYM-9KCIi- 
KaTope. Bec 71,2 r (70%). TIpomyktT ucnompb30BaJica B CeAyrouleH peakuHH 6e3 


nepeKpHcTasIusaun. 
Hatineno %: C 64,42; 64,28; H 5,93; 5:98; P 6,20; 5,87 
Cy7Hs:BrO.P. Baruucneno %: C 64. 93; H 6,47; P 6,22 
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Tlocuie nepekpucTaiusannu 43 cnupta comb (III) umeer Tr. ma. 244°. 
AuesTtTumanetanapbB-Co-anbgeruga (VI). Kpactsopy 68rconu 
poccpouus (IIT), 100 ma Meranona u 18 r B-Cis-anbgerupa (V) B ToKe a30Ta Hu pH 
lepeMelIMBaHHU pH 50° B TeyeHHe 15mMuH. QoOaBeH pacTBop 3 r HaTpua 
| 80 MI MeTaHOsla, a 3aTeM peakWMOHHad Macca B TeyeHHe 8 4ac. Mepeme- 
WBasach mupH 60°. MeraHol ynapeH B BakyyMe, a OCTATOK TULaTebHO 
KCTparHpOBaH HVM3KOKHMAULMM TNeTposeiHbimM 9pupoM. OpPupHEI pacTBop 
[POMbIT BOAO HM BEICyuIeH cybdpatom marHua. Tloce oTTOHKH NeTposeiHoro 
cbupa mposyKT mepernan B Bakyyme. IlomyueHo 7,3 r ucxogHoro B-Cia-asbse- 
wa c T. Kun. 76—83° (0,08 mm), n*° 1,5085, u 14,1 r quaTunanetana B-Cio- 
ubgeruga (VI) c vr. kun. 145—147° (0,08 mm), n%9 1,5465. 
Harigeno %: C 79,56; 79,46; H 10,83; 10,84 
Co3H3g02.  Buruucneno %: C 79,71; let ala! (05: 


B-C,,-anbyerug VII. Cmecb 4 Fr guatuHnauetana  -Cio-anbyeruaa 
VI), 15 Ma muoxcana, 7 ma 10% dochopHol KucoTh uM ceqoB rug- 
OXHHOHA TepemMeliMBaslacb B aTMocdepe a3soTra npu 80—90° B TeueHHe 

yac. I]poqyxT peakuHH oOpaOoTaH 3supom uu Bosok. Ohbupupl con 
TeeH, MpOMBIT 5% pacTBOpOM MoTallla, BOAO HU BbICYWIeH CymbcaToM mar- 
MA. Qpup OTOrHaH B CMaOOM BaKyyMe, a OCTATOK BbIep2xKaH B BakyyMe O, 5 MM 
TeyeHne uaca. Ilonyyeno 3,07 r nenepernanuoro B-Cis-anbaeruga, n> 1,5838, 


maxe (B CMpTe) 327 mu (e 22300). IIpH neperonKe B Bakyyme B-Cio-anbaeruy 
Meet T. Kun. 135—138° (0,02 mm), 179 1,5805, Awaxc (B CMpTe) 327,5 mp 
¢ 23500). 
¥y Hatimeno %: C 83,40; 83,90; H 10,45; 10,37 
CigH2-O. Brruncneno %: C 83,77; H 10,36 


24-MUHUTPOHPeHHATHApaAasoHH H30MepHHX B-Ci9-a I b- 
erugos. K 0,4 r 2,4-quHuTpodpenuirugpasona go6aBeHo 2 MA KOHL. 
OJIAHOH KMCJIOTHI, 2 MI BOLE! H 10 Mia cuupta. PactBop mpoduibTpoBaH, H K 
emy oOaBeno. 0,3 Ma momyseHHoro paHee $-Cis-ambyerufa, pacTBopeHHoro 
‘20 ma cnupta. Uepes 2 uaca BbINaBUIad CMeCb H30MepHHIX 2,4-7HHUTpOeHus- 
AIpasOHOB Oba OTPUMbTPOBaHa H MOABepraach JpOOHOli packpUcTaJINH3alNH 
3 ciupta. Kpuctassibl HarpeBasiucb B cnupTe (100—120 ma) Takum o6pa3om_ 
TOOL! XOpOwlo pacTBOpHMBI 2,4-yuHUuTpodpenusrHs~pason wWHc-f-Cis-anbyernfa 
epelliesl B pacTBOp, a OCTaBUIHHica HepacTBOpHMbIM 2,4-7MHHTpOpeHH - 
Apaso0n TpaHc-B-Cis-ambgeruga Mor ObITb OBICTPO OTPUbTpOBaH H3 ropsxuero 
acTBopa. Ilocje HeCKOJIbKMYX MNepeKpHCTaIH3alH U3 CNMpTa M3omMepHbie 
,4-TMHUTpOeHHJITHpasoHbl BbIeJICHbI B MHJUBUYaJIbHOM Bue Np HOMM3UTeIb- 
O B paBHbIX KOJIHUeCCTBAaX. 

» 2,4-Tuuutpodenuirvgpa30H MomHocThlo TpaHc-8-Cis-anbgernga (apkue nyp- 
YpHble KpHcTaibl) umMeeT T. 11. 199—200°, Ayaxc (B H300KTaHe) 396 My H HE 
aeT JIeMpeCCHM Ip COBMeCTHOM IaBJIeHHH C 3aBeOMbIM OOpasioM 2,4-qHHUTpoO- 
CHHJITHApasoHa NOMHOCTDIO TpaHc-B-Cis-alpferusa. 
Hatizeno %: N 12,60; 12,32 
CosHegN4Oa. BoruncneHo %: N 12,38 


2,4-TuHutpobenuarugpa3on wHc-8-Cis-albferufa (TeEMHO-KOpHYUHeBbIe KpH- 
falJIbl) HMeeT T. mut. 167—169°, Ayaxc (B H300KTaHe) 397 Mu 


Hanneno %:.N.412,350; 12,09 
CosHggNaOg. Buruncneno %: N 12,38 


Mockosckuii HHCTHTYT TOHKOM XHMHYeCKOH TexHOJOrHH Tloctynua0 
um. M. B. Jlomonocosa 29 XI 1960 


WHTHPOBAHHASA JIMTEPATYPA 


Isler, H. Zindler,. Helv. chim. acta, 39, 249 (1956). *H.H. Hasza- 
_C.M Maxuun, B.K. Kpynuos, KOX, 29, 3692 (1959). .? B. A. Cmue, 
7B. Me€HOBCKHG Hu gp., JIAH, 124, 1080 (1959). *0O. Isler, W. Huber, 
- Ronco, M. Kofter, Helv. chim. acta, 30, 1911 (1947). 
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Jloxxnagm AkayeMunm wayk CCCP 
1961. Tom 138, Ne 2_ 


XHMH j1 
Axanemux A. H. HECMEAHOB, B. A. BAJIDUEBCKAS u H. C. KOUETKOBA 


PEAKUWHH o-KAPBOKCHBEHSOMJI®EPPOLLEHA 


Henapuo 2ByMa u3 Hac H BonpKenay (*) Opin MowyueH o-Kap6oKcu6enson- 
tbeppoleH B3aMMOeHcTBHeM qeppoleHa C XJOpaHTHpHOM o-KapOomeToKcu- 
O6eCH3OMHOW KHCJIOTLI B MpPpMCyYTCTBHM OesBOAHOrO XJIOPHCTOrO amomMMHNA Cc NO- 
CleAYIOULHM THApOAM30M OOpasoBaBierocaA 0-KapOomeTOKCHOeHsonudep poue- 
Ha. BemectBo cocTtaBa CssHesOuFe2, nowyuatomeeca pH Jlelicrauu Ha 0-Kap- 
OokcHOeHs0HIeppOlWleH CepHOH KHCJIOTHI H NpMHATOe Hayy panee 3a cbep- 

EN 
PpOUeHOBbI aHaor aHTpaxHHoHa C,,H,Fe | | (I) (2), oKa3anocp, 


Neo YF 


vmMeeT HHYIO cTpyKTypy, HMeuuHo (IJ). Takum o6pa3om, BelllecTBO CO CTpyKTY- 
poi (1) cmeqyer BEMepKHYTb H3 YMCA NOWyYeHHDIX. 

JlevicTBUTeIbHO, O-KapOoKcHOeHsOMIeppoweH MpeTepneBaeT px HHTepec- 
HBIX IIpeBpalleHuh pH JeHCTBHA KOHICHTPHPOBaHHOH cCepHOM KUHCJOTH HIM 
yKCYCHOPO aHrHApufsa B IpHCyTCTBUM KaTaHTH4YeCKHX KOJMYECTB CepHOli KUCJIO- 
Tbl yxKe pH KOMHAaTHOH Temnepatype, OOpasya 3,3’-nudeppouenus-3,3’-qudbTa- 
JIM], 10 CXeMe: 


CypHoFe=C—OH a 
e. C))>H,Fe —C—-O 


7CO AS fe) : 
: H SO 
Cc (CH,CO), O+ men 


LIN 1 xanas 
HO 70 H»SO, fel) 


(Hl) 


3,3’-anbep poueHH-3,3'-lupTainy, Nomyyaerca, M0-BHAMMOMY, IyTeM C/BavBa- 
HHA MpoMexyTOUHO, OOpasyiomleroca payuKaua (III) 


G 
ZY 
Cabo / 
\ 

‘ CO 


(1h) 


Uro kacaeTca NpeppalleHHA B KHCJOM cpese a-THpOKCHIBHIX (B Wen) NpOHs- 
BOJHBIX PeppoOlleHa B PaMKaN C NOCMeLYIOWHM CABaHBaHHeM, TO STO yxKe He 
NepBbIt cryyaH. AHayorM4Ho NmpoTeKaeT KOHJeCHCALMA abgerugoB c deppo- 
I€HOM B KHCJIOK cpeye (*~°). lo-BuquMomy, BCe TakHe TipeBpallleHuA MOFyT Mpo- 
HCXOJUTb TO CXeMe: . 
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Ae aN UR 
On Ss Tye oe se 
1: Sag Nat 
R f R id R 
Fe Fe 


,o -udep povennn-3,3’-aupranuyx — CBeTIO-2KeJITHI MOpOWoK, He MMeIONIHiI 
e3KOH TeMIlepaTypbI NviaBIeHHA, TeMHeeT IPH HarpeBaHHH B 3anaAHHOM Kanlua- 
ape Bpitte 250°. Xopoulo pacTBopyM B adupe, XyxKe B OeH30ue, cnupte. Iepe- 
PpHcTaMH30BaH u3 GeHsoma. Mon. Bec 645 (as6yHocKonHa, 6eH30.). 

Wiad BbIACHeHHA cTpoeHua 3,3’-audbeppouenuy-3,3’-tuptTanugza mpoBezena 
e€akUMA PHI POMU3a KOHIWeHTPHPOBaHHbIM BOJHbIM pacTBopom KOH npu xarpe- 
aHuu. Peakiua mpoTekaeT He TOJIbKO C Ppa3PbIBOM JIAKTOHHOFO WHKJa, HO H 
BisH C — C yudtanuma mo cxeme: 


co 
H,C,~ | Gots COOH 
(Oe 7 ae 


HOH 
—— 
H 
Cow (Fc 
4 6\/ H,C, O 
NSO 
ae 


(IV) 

B mpofyktax peaxiuuc 60% CyMMapHDIM BbIXOJOM OOHapyxKeHbI B 9KBH- 
(OJIEKYJIAPHBIX KOMH4YeCTBAX Kak 3-cepponenupranuy (T. mu. 137°), Tax u 
-KapOokcHOeH30Hdepporer (T. mi. 186°). Kpome Toro, uacTH4HO ugeT ui 6o- 
ee riyOokHi paca MOJIeKyJbI C paspyuieHHem CHcTembI cbeppouena. Koucta- 
‘APOBaHO HOHHOe 2KeNIe30 B BOJHOM pacTBope. 

Vintepecupii pacnag 3,3’-nudheppouenua-3,3’-qHbTranuga mpoteKkaer mpu 
[arpeBaHHM ero C MeTaJIJIM4YeCKHM HaTpHem B cnupTe. [naBHbIMH NpokykTamu 
eaKIHH 3]eCh TakKe ABIAIOTCA 3-ceppouenHdtanugA (IV) (Brrxoq 37%) u 
)-KapOokcHOexsundeppouen c T. mi. 174° (BEIXOM oKono 30% oT TeopHn). 
-(beppolleHHiTaiux nomyyeH BCTPeCYHBIM CHHTe3OM TIpH BOCCTAHOBJICHHH 
10 KemMeHceHy 0-KapOoKcnOeHso0nsdeppouena. Hapsayy c oObmHbiM mpoxyk- 
OM BOCCTAHOBJIeEHHA — o-KapOoKcHOeHsHdeppoueHom (T. mt. 174°) (?) — Bpi- 
leleHO HeOosbIlloe KOMHYeCTBO 3-cdeppoueHHdraiuya (Tadn. 1). 

TlomyaeHHbli TpemaA pa3HbIMH cnocoOamH 3-cbeppoueHHdTanuy HulenTudu- 
IMpOBaH 0 CMeliaHHOM mpobe TemMepaTypbl WwWaBJIeHHA WM MO U.-K. CHeKTpaM, 
)XapakTepH30BaH B Bue 2,4-nMHHTpodeHHTHApasona. Mow. Bec 320 (Gensou, 
<pHOCKONHA). 

Jipyrue mpeppamenus o-KapOokcHOeH30HpeppolleHa, ykKasbipaloulue Ha 
{aIM4He KOMbYAaTO-llenHOH TayTOMepHH, NOMOOHOH TayToMepHH 0o-6eH30HI- 
JCHSOHHOH KHCJOTHI, MpescraBJieHbI Ha CxeMe: 


d | (CH;CO),0 
CyHgFeCO cs CsHs — COOH res CioH Fe a3 (OH) —— CsHa — COO —- 


| I ROH 
re CyypHoFe —C (OCOCHs) — CsH, — GOO (V) Soe 


120° 


’ —— 


| > CyoHgFe — é (OR) > CsHy— COO <> (II), 
Hau HSO, 
‘. (tee — CH,; (VI) R=GH,. 
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7 Ta6aunua ft 
oe a 
IIpouspoguple 3-cbepponenun-ptramuga CyH Fe — C(R)CgsHsCOO 


Moa. Anas, % 
® BeC 
S Bem., 43 
Re R ss 9 G H KOTOpOrO 
2 & nepe- 
4 z S Bix is | a Aas a KpucTaa, 
a 4 EG ye S a ow ia) 
= faa) m | m eo © E- 0 
i C,H ae - a3 68,43 4,36 16,47 
(IT) ie ere 87 TO 645) 634 68,50 68,13 hee) 4,13 16,37 17,641 Benson ._ 
(LV) H * 30—37| 137 | 320] atsl Gy’ee] 67,92] 44s] 4.44| 14°99] 17,61] Meranon 
(Vv) —OCOGH; go | 125 63746] 63,841 450] 4.28] y2°ge] 14,84] Tentan 
(VI) = OCH: 9 | 128 | 357] 348] 5°55] 65,53] Z’¢e| 4,631 ye'so] 16,04] Meranon 
O13. K 6 { E 
(VII) Sou xoua. | 135 | 380) 362] ge'tol 66.341 2797 | 5.00 | 45°90] 15,44] Sranon 
p= Crh He: 


** TuHuTpopenuaruypason T. mu. 187° v3 cmecu GeH30.1 — neTpOsehubih sup 4:4. 


IIpu rugponuse auetata (V) Book, 15% HCl u 20% KOH nowsysuen | 


o-KapOoKkcnOeH3gonspep pouen. 


XapaktTepHa MOBHXKHOCTb alleTOKCHrpylnb! 3-alleTuJi-3-cbeppoueHus- | 


cpramufa (V). O6meH Ha MeTOKCH- HW 39TOKCH-rpyniibl MpOHCXOAHT ye pH 
JWIMTeJIDHOM CTOAHHH B paCTBOpe COOTBETCTBYIONLErO CMMUPTa pH KOMHAaTHOH 
TemMiepaType HH pH MepeKpHcTasMM3allHH H3 HHX. 

IIpu Harpepanuv HecKOJIbKO BblIue 100°, a Takxe Mpu RelicrBuHa H,SO, 
3-ankOKcH- HU 3-atleToKcH-3-dbepponenumdpramyzb (V), (VI) wu (VI) npespa- 
mujaiotes B 3,3’-nudepponeHHa-3,3’-nudranuy (II) (Bprxon 85%). 

V1.-k. CneKTpbI HpOM3BOTHEIX 3-ceppolenHdranuga (11) — (VII) conepxart 


¥aCTOTLI He3aMelleHHOro depporeHoBoro Kouba 1000 u 1105 cm! u o4eHD © 


MHTCHCHBHY!IO YacToTy B oOOsacTH 1760 cw? (C= O-BanenTHble KoeOaHHa 
-JIAKTOHOB). 


W.-K. cnextp cramuga (T. mn. 73°) cCHHTe3HpoBaHHOrO JIA CpaBHeHHA, | 
Takxe cofepxuT uactoTty 1760 cm ?. McxonHpit o-KapOoKcnOeHsouneppoueH | 


COMepxKUT YacToTH! B OGacTH 1652 Hu 1680 cm. 


VinctutyT 9JleMeHTOopraHHyecKHxX coelHHeHult TlocrynH10 
Axkajemuu HayK CCCP Zee Ool 
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r. H. HHKMUNAH, tO. H. OPTHBUYH u uaen-Koppecnonnzent AH CCCP A. J. METPOB 


CBOBOJHOPAAMK AJIBHOE MNPHCOEAJHHEHHE KAPBOHOBDbIX 
. KHCJIOT K BHHWJI- HW AJIJIMJIAWETATAM 


C WeuIbiO H3YYeHHA 3aBHCHMOCTH MexKLy CTpoeHHemM MH 3anaxom PortureiiH 
1935 r. ocyiecTBHJI CHHTe3 pxJla FOMOJOPOB G-aIKHJ-y-OyTHpOMaKTOHOB 10 
<eme (7) 


Ben GOOG, aie RCH (COUGH). 2 ae 
2) CH,—CH 
ie 
O 
R COOCH; R 
Ree 1) NaOH 


J CH, 2=Chy SACH = Chae: 
2) HCl | 


O 


H YCTaHOBHJI, YTO 9TH JIAKTOHBI OO/aZaioT MpPpHATHBIM HW WeHHbIM [Wid Napdio- 
epHH 3anaxoM MIpH ycuioBHH, ecmH R (amMdaTwuecKkHl payukKaJI HOPMaJIbHOrO 
‘pOeHHA) HMeeT coctaB Cs — Ciz. AHaslorMuHoe m0 CBoel 3afaue H MeTONLY CHH- 
34 UCCJIeEOBaHHe ObiIO MpoBeeHo Bpayuom (*). IloceyqHui nmpHroropua pay 
AJIKUJI-Y-BaJlepOAKTOHOB, HCIOJIb30BaB BMECTO OKHCH 9THJeHA B IIpHBeeHHOU 
le CxemMe OPOMHCTHI amu. Cpequ nOyueHHbIX HM COeHHEHHM a-reKcHu- 
BaJl€pOJaKTOH HMeJI HaHOouIee CHJIDHbIM 3alaxX, HHTCHCHBHOCTb KOTOpOrO CHH- 
amlaCb C YBeJIMYeHHeM HIM YMeHbIMeHHeM YHCJIa YrJIepOANbIX ATOMOB B AJIKHJIb- 
OM payukase. EcTb ykKa3aHHa, 4TO HM O-JaKTOHbI OO/aaloT MpHsTHIM Batia- 
om (3), OmHako mosyueHve OOJIbIIMHCTBa YKa3aHHbIX JIAKTOHOB COMpAxKeHO 
PAJOM TpyYAHOCTeH, OMHOH M3 TaBHBIX Cpe KOTOPHIX ABJAeTCA AByXcTaqHH- 
SIH MaJIOHOBbIN CHHTEeS. 

B ofHOow 43 paOoT HaMH OblwIO YCTaHOBJICHO, UTO KapOOHOBbIe KUCJIOTHI CiO- 
OHbI IPHCOCAHHATHCA K G-Ole*HHAM IPH HHHIUMAPOBAHHN peakIHH NepeKUCbIO 
yeT.-6yTHsa (*). IIpH 140—160° u cooTHouieHHH KUCJIOTA : ONeEHH : MepeKHCch 
): 1: 0,25, Bprxox o6pa3yrouluxca Ha KWJYKCYCHBIX KHCOT (aayKTOB | : 1) 
yeTaBu 60—70%. 

B HacTostiem cooOuleHHH Mbl TIPHBOAMM pe3yJIbTaTbl W3yYeHHOH Hamu 
SAKILMH MpHCOeMHEHUA KHCJIOT HW MX MCTHJIOBbIX 9PUPOB K BHHHVJIOBbIM HM aJJIH- 
OBLIM S*UpaM YKCYyCHOHM MH MypaBbHHOM KHCJOT, a TAKKE pesyJIbTATbl CHHTESA 
3 TOAYYCHHEIX 3MHPOB G-amKW-y- WH 6-OKCHKHCJIOT COOTBETCTBYIONLMX HM 
UU 6-aKTOHOB. CHHTe3 G-aJIKUJI-y-OyYTHPpOaKTOHOB OCYI[eCTBJIAJICA MO TaKOH 
jueli cxeme: 


R 


| 
CH3sCOOCH = CH, + R — CH,COOH > CH3;COOCH,CH, — CH — COOH = 


‘ 

| 

eo CH CH 261.0 
2) HCl 


O— | 


) FAH, rv. 138, Ne 2 


[pu sameHe BHHMJIalleTaTa Ha alMaleTaT aHaJOrM4YHO ObIIH NOJY4eHbI a- 
aIKW-6-BasepolaKTOHb!. YCOBUA OTACJIbHbIX ONBITOB TO peakIMM MpHcoesu- 
HeHHA, KOAMYECTBA KOMMOHEHTOB HW MepeKHCH, BbIXOL atykToB | : | mpHBeye- 
HbI B TaGs. 1, CBOHCTBa MOJIYYeHHBIX aLAYKTOB yKa3aHbl B TAO. 3, a CBOHCTBa 

Taoauna t 
Peakuua CBOOOTHOPaANKAabHOrO IpHcoeqHHeHHA 


; ¥ . 2 | Burxog 
Komnonentel peakuuH oe eccaniee fm 2 aRAy IC 
& }/———! « 
5 A | B nepekucp | !-pa, °C : ai 
5 A B Flr |%| 
:. r |monu}| r | MomH}| r | Moau os Q 
a ao je; 
1| C,H,COOH | CH, =CHOCOCH, 510! 5 {48 | 0,5 |18,3/0,125 | t58—160| 5 42,5 | 45 |36, 
2} C,H,,COOH CH,—CHOCOCH, 576 4 17,2)| 0,2 7,3) 0,05 | 160—168]6 | 24 521416 @ 
31 C,H,,COOCH, | CH,={CHOCOCH, 288 | 2 | 16,2] 0.2 | 75310,05 |158—160|5 |17 | 37|22 — 
4| C,H,COOH CH,=CH—CH,OCOCH, | 306 3 30 0,3 {11 | 0,075 | 157—164 |] 5 | 28;5 | 47 122 | 
5| C,H;sCOOH A\H,—CH—CH,OCOCH, | 720 5 29 0,25 | 9,2) 0,063 | 159—163 | 5,5} 28 46 119 
6| CoH,j,COOCH, | CH,=CH—CH,OCHO 372 2 TQ) 0,2) 10 -.3)0,00 |) 155—157 195) 120 37 |28 @ 
, 


JaKTOHOB B TaGu. 2. ComocTaBJIeHHe pe3yJIbTaTOB ONbITOB 1—6 c ONbITaMH 10) 
NIpHCOeAMHeHHIO KapOOHOBBIX KHCJIOT (HIM HX MeTHJIOBEIX S*HPOB) K a-oedu- 
HaM J\aeT OCHOBAHHe CAeaTb CJIELYIOULM BLIBOL: B CTAHJapTHbIX YCOBHAX aJIH- 
(baTHYeCKHe OMHOOCHOBHBIE KHCOTH OOpasyioT C HENpeMeJIbHbIMH SUPaMH KUC- | 
oT ayKTH 1: 1 ¢ BEIXoyaMH, MeHbDINHMH Ha 10—20%, 4em 9TO HMeeT MeCTO 


B Clyyae O-OJle*HHOB. 
Ta6auua 3 


+ w O-ulaKTOHBI 


Rp OneMeHTapHblit 
cocTaB 
se T. Kum. °C 9 20 | 
3 JlaxTou a dj PD) Hall : 
& =| ( . cr.) n exo, BbITHC- 
: s MM pT. CT : % Baonte 
z | fa S. dic ical oO. be Hache et 
| | | { | 
GASE | | 
: 
7 CH,—CH,—CH—C=O * 90)/107—108 (15) |1,0016/1,4410}33,79}34,29/65,42) 9,42/65,59] 9,449 
© 65,24] 9,64) 
CoH 
CH, —CH,_¢H—c=0 ** 1841 87—88 (1) |0,9561]1,4490]/47,76/48,23)69,66/10,55/69,64)10,66 
8 
0 ee 69,86)10,53 : 
CH 
g|  CH— CH,—-CH—C=0 85/92,5—93 (2) |0,9681/1,4470/43,12/43,58/69,04 |10,13/69,19)10,32 f 
[ts AEREL LG a 68,91/10,25 
C3Hy 
{Q| CH.—CH,—CH,—CH—C=0O |80) 71—72 (1)  |1,0080}1,4568/38,40/38,93/67,52] 9,99)67,57), 9,93 
oO 67,74/10,17 
CoHis 
[| CHy—CH.—-CH,—CH-C=0 |87/107—108 (1) |0,9623|1,4590/52,35|52,88 
CyHy, 4 
{2} CH,—CH,—CH,—CH—C=0O /91/420—122 (0,5)|0,9438]1,4602/64 ,64/62,48)73,60/11,46/73,53)11,40 f 
| O ! 73,40)11,34 


; 


*T. «kun. 107° (15 mm), on 1,0021, au 1,4410, samax matbi(?). 


** T, kum, 146° (16 mM), oe Q, 2504); nt 1,4480; 3amax aOpHKocos nu amOppi ('*). 


Bmecte ¢ TeM, 3HauHTeEILHO BOSPaCTaIOT KOJHYeCTBA BLICOKOKHMAMLUX npo-fh 
AYKTOB, MWOJYUaIOULMXCH 3a CUeET MOJHMePH3aluH MH TeIOMepH3allWv Henpeeb- | 
HBIX 3PHpoB. YeenwyeHne COOTHOUIEHHA KHCJOTa: BHHU(aluua)anetaT c 10: 1 
(onpitnt 1, 4) go 20:1 (omits 2, 5) mouTH He OKa3bIBaeT BUIMAHUA Hf 
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a BbIXOA afyKToB |: 1, He- 


o9 ES Pe ome hee! Se) 
HaYHTeJIbHOe CHHXKEHHE BbIXO- | SiN Sh Weded deer CRIES. CSS cc 
a HaOwiofaetcaA MpH 3ameHe = 5 7 
HCJIOT MX METHJOBbIMH S*upa- = S Es 2 
(HW (ompITHI 3, 6). JlakTonusauua © Bl icant Mek da ea i LTT 
bupoB y- 1 6-oKCHKApOOHOBEIX e no © 6 os & 
HCJIOT MPOBOAMIaCh MO OOBIE- ae 
oH metoquxe. IIpu pacuere ela | S2 Oh he S25 8S 
|OJIEKYJIAPHOH pedbpakuHH WaK- a eS MEE aC, a Eee 
OHOB 110 HHKPe€MeHTaM CBA3eH mm = 
) HaOMOMaeTCH 9K3a/IbTAILMA = ON BRRLRSOloS wo 
AMR p), cpequee 3HaueHHe }S|C leer dd ad oa os 
oTopok coctaBaet -+ 0,5. $ 
Ilomyueunune y-u 6- | so] ey Sahl) Ree eo gee 
MeTOKCHKApOOHO- | a 7h err OR ae et Cena 
BX KHUCJOT H UX Me- & PN uae eds PT USSe’ gece 
HIOBbBIX JIPUPOB (ONbITHI = eer eee ae? So ea 
—6). KommuecTBeHHad xapak- as eee easter he 
epHCTHKA OMbITOB MpHBeyena Be A renee ity cere ne 
Ta6. 1, MeToquKa MX MpoBe- : a 
CHHA OblJid OLMHAKOBON. - Se as ne 
B uerbipexropsy1o Kow6y, aS SS FS f SF Ss 
HaOMKEHHYIO MellaJIKOH, Tep- SPT CST Tre: Pheer eee 
OMeTpOM ¢ OOpaTHBIM XOVJIO- ear eiab phic oe dete wee 
# > NN N 
HIbHUKOM HM KaJiHOpoBaHHol ae ca re are ame ee Oe eee ee 
aneJIbHOH BOPOHKOH, Momella- & . lh ak ae em aes 
och ~ #/g KMCHOTH! (B onbi- 5 | ‘i i, 
ax 2 wu 6 MeTHJOBbIM apup e os es = = 
HCJIOTbI), B3ATOH OT oOOmLero g oF Se Seen fe NS 
acueTHOPO KOJIM4eCTBa (KOMMO- Bae ORY jUice! | Banat mamme nt ment fag 
et A). [locue Toro, Kak KHC- S ie y 7 5) ‘ 7 i 
oTa Oba Harpeta flo TpeGye-. 6] 2 = Saas ees 
oli TeMnepaTypbl, K Hei pap- © =i =o 
OMepHO TIO KalliamM [pHOaB- <5) | er een aaa 
AJICA PACTBOP NepeKUCH TpeT.- = is oh eT ee een ini = 
yTHla H HempesesbHOrO Supa Beate || So) AaRae cea pele ie 
<ommoHeHT b) B ocTasilelica 7 eon, Cer ep 
- 1/3 KucaOTHI. Bpema npHOas- Bo a bo Bet) 8a! hey 
CHUA pacTBOpa yKa3aHO B Coil =| So.) See memenes  Nm h 
261. 1. [lo okoHYaHMH MpHGas- a A Re 
CHUA peaKIMOHHaA CMeCb Ha- ed S 
peBaach elle ~ | ac MIpH sk 
oH wKe TemmepatType, a 3aTem 3 
T Hee OTTOHAHCb IpOAYKTbI o 
actajla MepeKHCH H M3ObITOU- 4 ples 
AS KMCJIOTAa (MeTHJIOBbIM 9cpup © = Pee ee Ai he 
MCJIOTBI). ‘Y- HM b-alleTOKCHKap- ~ Ey Pee he as ot Oo ms 
DHOBbIe KHCJIOTbI H HX MeTH- s Mewes rpm. Se 
OBbIe BUpPbI — aAyKTpl 1:1— a th Re Oe eee 
SIeAIMCb H3  BbICOKOKH- a Ge eS eee 
AULLUX MpOMYKTOB peakKIHH CS Om Do BROIL! Ry 
pak IMMOHHOM lleperouKon, ete oO. Of bs <a G 
OuMuecTBa BelleCTB, KHIMA- Sree ne “ou ko eer ee 
MX BbIe vem afayxKTol 1:1, Peete | oe Peon tes 
Ka3aHbI B TAO. 1. Oru ocTa- Seno SOE Oe Roe 
<H IIpescTaBsloT coOoH CMo- . g 
oIOOGHbIE, OUeHb BASKHE neo oe ee ee Ce | con ofa 


HIKOCTH. 


TlonyyeHuue Ganakuasa Y- U d-1aKTOHOB (onpith 7—12). 
Hazecxa (15—30 r) y- (6-) ameroKcukapOoHoBoli KUCJIOTHI WIM ee MeTHAOBOrO 
abupa kKumaTHachb 4—6 4wac. C S—7-KpaTHbIM MOVJIAPHBIM H3ObITKOM 25% 
BowHoro pactBsopa NaOH. S3arem peakwvoHHas Macca oOpadaTpIBaach 
KOH. HCl Jo cHsibHO KHCJION peakIlHH Cpellbl H KUNMATHIACb eme ~30 MHA. B OMBI- 
tax 7—9, un 4 vaca B onbiTax 1O—12. Oprannyeckui CON OTMeJAJICA OT BOMHOFO, 
BOJHbIM COM IKCTParMpOBaJICA SPUPOM, OPpraHHyecKHH COM HU S*PHPHbie BbITAXK- 
KH H3 BOJHOrO CJIOA OODEAMHANMCh HU CyuIMIHcbh Hay, Na2SOs B ompiTax 7, 8 u 
MYTeM 43COTPOMHOH OTTOHKH BOJbI C O€H3OJIOM B OCTAIbHbIX onbiTax. Tlocae 
OTTOHKH 3cpupa HW OeH30la OcTaTOK MeperoHsica B Bakyyme. 3 6-oKcHKUCJOT 
HapALy Cc OOpa3s0BaHHeM JaKTOHOB MMeJIO MeCTO OOpasoBaHHe HM TpOLyKTOB Mo- 
JIMKOHJI€CHCalHH, OHAKO pH HarpeBaHHH BO BPeMsA NeperouKH (1WHpOKHH Tem- 
nmepaTypHbIM HHTepBaJl BbIKHMaHHA) NOMMMep MeWICHHO pacmayaicaA c Bbije- 
jeHvem 6-slakToHa. IIpH 9ToM peor ie HM OKCHKHCJIOTa, He BOIWeqWIAaA 
B peaKUMIO, KOTOpad OTMbIBaacb 3aTeM 10% pacTBopoM CosbI, a MO/TyYeHHDIi 
a-ankKUJI-6-JJaKTOH BHOBb TWeperousvicd. Bpixofl MaKTOHOB IIpHBeeH B Tad. 3) 
Cyaa m0 pesyuibTaTaM THTpoBaHUA, 6-NaKTOHD! CosepxaT HeOOJbITyIO NMpHMecb 
(~ 3%) Kucaor. 


VWuecruTyT oprattuyeckow xumun uM. H. Ji. 3SenuucKkoro [locrynuuio | 
AkayemMuH Hayk CCCP 12 LI 9G 


HWHMTHMPOBAHHAA JIHTEPATYPA 


u Rothstein, Bull~Soe; chim. France.25.00) (1935)ae. 2 Jn ant ine bens 
you (1939). 3’ L. Ruzicka, Helv. chem. acta, 26; 6738°(19438)— + AS ie Wl erie 
B, MW. Huxuwnun, 'O.H.Oru6xnu, JAH, 131, 580 (1960). 5A. J. Vogel,] 
ie resswell, G. J. Jettiety J. Wer cesitio np Cem socemO526oiaem 


Phys. Chem., 58, 174 (1954). 
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A. UW. PABUHKOB u E. K. KOPHEMHAS 


MOHOLWUTPATHBIE KOMIJIEKCbI PEAKOSEMEJIBHbIX 3JIEMEHTOB 
(IT pedcmaeneno axademuxom A. IT. Buxoepadoseim 28 XII 1960) 


Hsyyenve B3aHMOJeHCTBHA WHTpaTOB UeJIOUHbIX METAJJIOB C COJIAMH peLKoO- 
;eMEJIBHBIX IJICMeHTOB (+) ObIIO NepBLIM HCCJIeOBaHHeM, MOKAa3aBLIHM, UTO OHH 
1BJIAIOTCA SHEPHYHbIMH KOMIIIeKCOOOpasoBaTetAMH. Peakiwua mpoTeKaeT B 
KBHMOJICKYJIAPHBIX KOJIHUeCTBAX, a TIpH cooTHOoMIeHHH Me: wut = |: 2 06- 
yasyeTCA OUCHb MpPpOWHOe KOMIVJIeKCHOe COeHHeHHe: 


MeXs + 2K3CsgH;O- Sic Ks [Me (CsH507)s] + dK X, 


Gem ier =e i X= Cl”, NO; HM Jp. 

_ Kak Obluio ycTaHOBsJeHO (7), PeKO3CMEJIbHbIe 3JIEMEHTbI OCYILECTBJIAIOT 
<OOPAHHAMMOHHYIO CBA3b C aleHJaMH IIpeHMYLeCTBeEHHO Yepe3 ATOMBI KHC- 
lopoa WIM TpeTHYHOrO a30Ta H OOHAPYy2KUBAaIOT KOOPAHHAHOHHY!O EMKOCTS, 
JABHYIO IIeCTH. 

IIp# nmomouu psjja ocagutenelt POS > F- > C202 > OH- > [Fe(CN)el* 
/aOCb KOKA3ATb, YTO KOMIMIeKCOOOpa3syloulad CMOCOOHOCTH 3TOH Fpynibl dVe- 
{CHTOB C JIOObIM 43 aNeHOB yBeJIHYHBaeTCA C YMeHbINeHHeM HOHHOYO payuyca, 
T JlaHTaHa K soTewMIO. []pouHocTh KOMMVJICKCHBIX COeCMHEHHH peKO3eMeJIb- 
[bIX 9JIEMCHTOB pe3KO 3aBHCHT oT pH cpedbl H, Kak MpaBHJIO, yMeHbIMaeTcA C 
/BeJIMYCHHeEM KHCJIOTHOCTH. O2HAaKO paHee He ObWIH NOLPOOHO H3y4eHbI MposykK- 
‘bI BSAMMOJCHCTBHA PCKOZEMEJIBHbIX IJICEMCHTOB C WHTPaTaMH ULeIOUHBIX MeTail- 
IOB pH MeHbiliemM cooTHomeHHH: Me: unut = 1: 1, Tak Kak oOOpasyroulniics 
lepBOHa4aJIbHO OCaOK paccCMaTpHBaJICA Kak MpocTOoH WHTpar. 

B rocwemyroulem Goslee eTasIbHOe H3yyeHHe OCalKa, BbIeJIAIOWeroca pH 
ooTHomeHHH Me: wut = 1: 1, moka3am0, 4TO H B STOM Culyuae OOpasyeTca 
‘OMILIeKCHOe coeqnHeHHe. IIpu pacTBOpeHHH ero B BOse HOH peKOSeMEJIbHOFO 
JIeMeHTa He OOHapyxKuBaeTca JelicTrBHem Ka [Fe (CN)6], ocayqoK nosBuseTca 
IHUIb MocIe MOLKMCeHuA pacTBopa. OueHb XapakTepHO, 4TO B psy pekKose- 
{CJIbHbIX 3JIEMCHTOB H B JaHHOM CJIy¥ae HaOsofaeTca OOWlaA TeHJeCHUHA M0- 
sbILICHHA MPOYHOCTH HX KOMMsIeKCOB. Tak, HallpHMep, peakulMa C depporna- 
1HJIOM KaJIHA OTPHWaTebHa [JIA BCCX P€AKO3ZEMEJIbHBIX 9JIEMCHTOB; C OKCaJa- 
‘OM OHA HaOsosaeTCH y MaHTaHa, HeEOMMMA, raOJIMHHA, TOra Kak y MTTPMA H 
pOuA ocaqKH yxKe He OOpa3yroTca. 

Oco6o0 o6paulaer Ha ceOa BHUMAHHE TOT (bakT, YTO WOOaBeHHe EMKOrO HaTpa 
IPHBOAUT K pacTBOpeHHiO KOMMIMJIeKCa, B TO BPCMA KaK WeOUb ABIAeCTCA OHUM 
13 JIYYINUX OCaNTeeH peKOZeMeIbHbIX 9JIeMeHTOB. HecmoTps Ha TO, 4TO JO- 
jaBseHHe | mous NaOH ysenuuupaet pH pactrsopa yo 9, KommuleKcHoe coelH- 
1eHHe 3AMeTHO YIPOUHACTCA: HOH JIAHTAHA He BbIJeNACTCA H3 MOMMeNO“eHHOrO 
JACTBOPA HE TOMbKO (heppOlWWHaHHOM KaJIWA, KaK OMMCaHO BbIe, HO Jake H 
‘AKMM SHEPrH4HbIM ocasvTeieM, KaK (PTOPHA HaTpHA. 

JlaHHble aHaJiu3a MOKa3bIBaIOT, UTO OCAOK, OOpasylouNica pH COOTHOULIe- 
imu Me: uur = 1:1, B cnyyae nantaHa umeet coctaB |LaCsHsO7 -3H20}. 
Jia sToro coequHeHHsA 

Hatiyeno %: La 36,3; H2O0 12,2 
Bpruceno %: La 36; laGo) sve 4 
10* 397 


YkasaHHoe COeEAMHEHHE MOMKHO PacCMaTPHBaTb KaK HEIICKTPOMHT, B KOTO- 
POM IMeCTh KOOPpAHHAaWMOHHEIX M€CT JIAHTaHa 3aHATHI OCTATKOM IIMTpaTa UM Tpema 
MouleKyamMu Bogbt. B BO,HOM pacTBope CoeHHeEHHe MpeBpdllaeTcA B 3JIeKTpO- 
JIMT, IPW4eM MeTaJJI OKa3bIBAeTCA B COCTABe AHMOHA, YTO yOeMMTeMbHO OKa- 
3bIBACTCA KOJIMYCCTBEHHBIM eFO TMepeHOCOM B aHOHOe MpocTpaHcTBo. OnbiTbI 
DpOBOAWAHCh B IpHCyTCTBHH pafWoakTMBHOrO u30TONa eBpomHaA Eu'??.154 

2ro OOCTOATEIbCTBO aeT OCHOBAHHe MpeANoNOKUTH, ITO B Mpowecce pac- | 
TBOPeCHHA BEWLeCTBA MPOHCXOLUT BHYTpUCHepHasd THCCONMALMA OLNOM MOmeKy Ib! 
BOAbI C OOpasoBaHHeM 93JIEKTPOUTAa TIO peakilHnH: 


[LaCsH;O,-3H,O] <> H [LaCsH,0,-2H.O-OH]. 


[Ip pacTBopeHun ocajKa WMTpaTTpHaKBO-JlaHTaHa B OJHOM MOJIe efKOrO | 
HaTpa J[HCCOWMalHA OLHOH MOJeKYJIbI BHYTpHcdepHoH BOYbI, KaK BHHO, Mpo- | 
HCXOJUT JO KOHILA C OOpa30BaHHeM HaTPHeEBOH COM KOMIJIEKCHOTO COeAMHeEHHS | 
JlaHTaHa 10 peaKUHu: 


[LaCsH;0;-3H,0]+ NaOH — Na [CsH,07-2H,0-OH]. 


Ocaflok, BbIeeHHbI W3 WeMOYHOTO pacTBOpa CHHPTOM, COriacHo aHaJMsy, | 
61H3KO noxxo_ut K dopmyme NalLaCsHsO7 -2H20-OH]. : 


Hatgeno %: La 36,8; H20 13,9 
BpruvceHo %: La 34,4; H.O 13,1 


1 


OnpeleieHHe HaTpHA MpOW3BOAHMH KOCBeHHBIM TyTeM C TMOMOMIbIO ero 
payuvoakTHBHoro HusoTona Na*4. 


MuctutyT reOXHMHUH HM aHaJIMTHYeCKOH XHMHH Tlocrynuso 


um. B. MW. BepHagcKoro 15 XII 1960 
AxajemuH Hayk CCCP 


UMTHMPOBAHHAA JIMNTEPATYPA 


POT ee Pa) 6 iinons: E. A. Tepeutsbesa, JAH, 58, 1373, (1947). 
201.4. Pa6Ouuxos, E. A. Tepeutbesa, Mss. AH CCCP, OXH, 1949, Ne 1, 44. 
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Jloxuagp AkanemMun nayr CCCP 
1961. Tom 138, Ne 2 


XHMH A 
Axanemuk AH KasCCP J. B. COKOJIBCKHHM u fF. ©. TPETbBAKOBA 


PHAPHPOBAHHE HENPEEJIbHbIX COENMHEHHMM 
MPM MOCTOAHHOMW KOHILEHTPALLAM B PACTBOPE 


O6bMHO KaTaNHTHYeCKOe THAPHPOBaHHe MpOBOLAT MpH NOCTOAHHOM jaBsle- 
MH BOOposa B raso0Bolt dbase WH MIpH HeMpepbIBHO H3MeHAIOMeHCA KOHWeHTpa- 
HM HenpefesbHOro CoeqHHeHHA B pacTBope. Ec.iM mocieqHHWe Xopoulo aycop- 
UpylOTcA Ha MOBEpXHOCTH KaTaM3aTOpa, TO B TeueHHe M3BeCTHOTO HepHosa 
Pe€MeHH CKOpOCTh peakIHM ocTaeTCA MOCcTO- 
HHOH. B qanHo paOoTe KOHIeHTpallua He- 
pewetbHoro coeqHHeHHA MoMepxuBaacb 
laoH, HO, B CpefHeM, MOCTOAHHOH, 4TO 
JI€KO 3a COOK NOCTOAHCTBO CKOpOCcTH rHy- 
MpOBaHHA B TeveHHe BCerO OMbITA. 


IKCHEPHMeCHTAALBHAA YACTH 


B paOoTe Hcnoub30BaIHCb MaJIeHHOBO- 
WMCJbIN HaTPHH HW O-HUTpOeHOMAT HaTpUA, 
OTOpble OOLMHO THApUpyloTcA Mpu cmeule- 
HH MOTeHWMasa KaTaIM3aTOpa B aHOHYIO 
TOPOHY cooTBeTcTBeHHO Ha 120—130 mB u 
50—270 mp (). [leppaax cepa ombiros c 
AHHBIMH BelleCTBaMH Oba MmpoBeyeHa B 
,1N, 1,0Nu 5,0N NaOH npu 20, 40 u 60°. 
WIpHpoBaHHe MpOBOAWIOCh Ha yCTaHOBKe, 
MHcaHHOHW paHee (*). HenpegzembHoe coequHe- 
Me paBHOMepHO MosaBalocb B YTKY H3 cne- 
MaJIbHO CKOHCTPyHpOBaHHou O1opeTKy, IpH- 
eHsaBulelica panee H. M. Ilomonoii (3). Bio- 
eTKa (puc. 1) mpeycraBiaer coOoH rpayyu- 
OBaHHy!0 emKocTb (/), C BOaAHHbIM B Hee 
OJICHOM (2), COEMHHEHHBIM 4epe3s 2-xosoBol 


paw M TOHKMM wwaHrT c Kanwanapom (3), Puc. 1. Bioperka qua papHomepHoit 
a nokauH THApHpyemoro semjecTBa B 
epe3 KOTOPHI B YyTKY Mofaetca ruapupy- Kavanwrnueck yas yrey 


MO€ BeIIeCTBO. SanOpHOM XKHKOCTHIO CJIy- 
UT MeTaJIM4GeCcKasd pTyTb. [pyiwia coequHeHa HHTbIO C OapabaHoM, 3aKpemvieH- 
bIM Ha Bane MoTOpa Yoppexna. IIpu BKO4eHUM MOTOpa HHTb HakpyuuBaetca Ha 
apaOaH H paBHOMepHO NOJHHMaeT ypaBHHTeIbHy10 CKJIAHKY. PryTp BbITecHseT 
aCTBOp Yepes KanWIAp B yTKY. CKOPOCTL MpHKanblIBAHHA pacTBopa BO BCex 
alMX ONbITax paBusacb 0,25 ma/mun. BappupoBasacb KOHUeHTpalMsa Hempe- 
CJIbHOFO COeCHHEHHA B pacTBope. 

CkevieTHbI HHKeeBbIM KaTaJIM3aTOp ToTOBHJICA BbillelayuBanuem | r 30% 
Ji — Al cnasa 80 ma 20% NaOH B Teuenne 2 vac. Ha KHMAIIeH BOAAHOH OaHe. 
loTeHIHasl KaTasiu3aTopa W3MepsAJICA C MOMOLLbIO MomyaBTOMaTMYeCKOrO T0- 
eHiHometpa Tuna P 2/1 no OTHOUWICHHIO K HaCbIIIeHHOMY KaJIOMeIbHOMY 9VICKT- 
ony. HpofomxutestbHocTh MpHKalblBaHHA HeMpeebHOrO BellecTBa B KaTa- 
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juTuueckylo yTKy BO Bcex onpirax 30 muH. Ilocme mpeKpalleHua NpMKaliplBa- 

HMA KaTaIHsaTOp B3OaJITIBAICA 1O BOSBpallleHHsa K NOTeHWHaJly HaCbilleHus. 
Ha puc, 2 ava 3aBMCHMOCTh CKOpOCTH peaKI[HH CMeIeHHA NOTeHUMasa 

CxkopocTb Mosauv MaJICHHOBOKHCJIO“O — 


oT BpemeHH B 0,1 NV NaOH npu 20°. 


HaTpHA B ITHX ONbITAX H3MeCHAJIACb 


MUM 


Puc 2. [HapHpoBaHHe MaJleHHOBOKHCJIOrO 
HaTpHA H O-HUTpoOeHoIATa HaTpHA B O,1 N 
NaOH mpxH 20° wa cKkeneTHOM HHKelJle. 
IlyHKTHpHbIe JHHHH — MaJIeHHOBOKHCJBbIH 
HaTpHH, CMJIOWIHbIe JIMHHH — O-HHTpodeHo- 
at HaTpua. J’—0,0075 e MmameHHoBOoKuc- 


ot 0,002 yo 0,09 r 8 muHyTY (T. e. OT 
0,3 no 1,25 ma He B 1 mun.). Hs 
plc. 2 BHAHO, YTO FHApupoBaHHe ma- 


JIGEMHOBOKHCJIOTO HaATPHA TpOTeKaeT C 


MOCTOAHHOH CKOpPOCTbIO, KOTOpaA pac- 


teT oT 1 07,4 Ma He B 1 MHH.c yBenH- 


yYeHHeEM COJepKaHHA BeleCTBA B pac- 
TBope. MakcuMaJIbHaA CKOPOCTb MOr0- 


-IMe€HHA BOLOPOAa Np rHApHpoBaHHuH Ma- — 
JICHHOBOKHCJIoro HaTpuA BO,1 N NaOH 


mpu 20° qocTuraeTca Np nosaye B yTKY 
0,053 r comm B 1 MMH. STO ONTHMAJIb- 
Had KOHICHTpallua BeleCcTBa B pacTBOpe 
IpH J@HHBIX YCJIOBHAX. C JasbHeHuIMM 
PpOcTOM cofepKaHHA HelIpeeIbHOrO Coe- 
J[MHEHUA CKOPOCTb NOPIOWLeHHA BOOpo- 
ua He yBenunBaetca. B kaTasIuTH4eCKOH 
YTK€ HAWHHaeT HAKANJIUBATbCA HeMpo- 


pearvpoBaBilee BetlecTBo. TlorenmMa.t 


KaTaJIH3aTopa MocJie yYCTaHOBJICHHA paB- 
HOBeCHA B CHCTeEM€ OCTAeETCA IOCTOAHHBIM 
B Te4YeHHe BCero Onbira. CmeleHHe oT 
HavaJIbHOrO NOTeHWHaa 
TeM ruiyOxKe, 4eM OoJbUIe KOHILCHTpa- 
WHA HelpeseIbHOrO COeMHeEHHA, H CMe- 
meHve pacteT oT 13 go 120 mp. 

Ha puc. 3 Jawa 3aBHCHMOCTb MexK- 


a 


HaCbilneHHA © 


moro HaTpus/mMuH. (1,0 Ma Hes 1 muH.); WY CKOPOCTbIO TMOOMWeHHA BOJOoposa u 


2’'—0,05 Tl MaJIEHHOBOKHCJIOTO HaTpHa/MuH. CMeILLEHHeEM TOTeHIHawa. V3 puc. 3 BUIJ- | 
(7,0 ma H2B 1 mun.); 3’—0,06 r ManenHoBo- | 
KHCJIOrO HaTpHsa/MHH. (8,4 ma Hes 1 MHH.); HO, 4UTO C H3MCHCHHECM TeMIepaTypbi OT 


4'—0,07 MMasewHosokucnoro watpua/mun, 20 0 60° MakCHMaJIbHad CKOpOCTh 
(9,8 ma He B 1 mux.); J—0,0012 ro-Hutpo- THApHpoBaHuA yBelMuMBaeTcA oT 7,4— 
@enousta HaTpua/Mun. (0,5 mi He B yo 12 ma HeB1 MMH. HM 3aBHCHT OT 
ear LY Dita Ruin CTEIeHM SallOJIHeHHA MOBepXHOCTH THA 
o-HuTpopenousra Hatpusa/MaH. (10,4 ma H. PMPyeMbIM BeulecTBom. C pocrom AE ™ 
B 1 muu.); 4—0,03 ro-HutTpopenoata HaT- CKOPOCTb pacTeT, HO JO onpesesIeHHOro 
pus/muH. (12,6 ma Hs B | mun.) npemena. MakcuMaJibHad CKOpOCTb J0- 
cruraetca mpH AF = 100 mB mpH Bcex 

TemilepaTypax. : 

C mepexogom or 0,1 NV k 5,0N NaOH na6sogaerca ymenpuenue cKopoctH 
ruipupopanua. IIpu sTom, 4em BbIIMe KOHIeHTpallHa WeOUH, Tem rayOxKe CMe- 
uleHHe noTeniHama. MakcuMaJibHoe CMelleHHe MOTeHIIHasla BO BCexX cpesax T0-— 
cToaHHo (120—130 ms) uM He 3aBHCHT OT KOMMYeCTBa HeMpopearupoBaBilero Be- 
UeCTBA B peaKIHOHHOM cocylze. | 
AnaJIOrHuHble 3AKOHOMEPHOCTH HaGwOLaIOTCA Ip THAPMpoBaHHU O-HUTpO- 
(beHONATA HaTpuA. CKOpocTh pHKaNblBaHHA O-HUTPOWeHOMATA HATPHA BApbupo- 
Bajlacb oT 0,0007 no 0,035 r B 1 mun. (tT. e. or 0,3 go 14,6 ma He B 1 mun.). Ha 
puc. 2 mpescTaBleHo rHApHpoBaHke 0-HUTpodeHouaTa HaTpus B O,1 N NaOH 
mp 20°. Torsaoujenve Bosopoya BO BpeMA ONbITAa Wet C MOCTOAHHOM CKOPOCTHIO 
u yBerHuuBaetca oT 0,4 go 10,5 ma. He B | mun. MaKkcuMabHaad CKOpocTb rH- 
pupoBpanua comm B O,1 N NaOH npu 20° gocruraetca mpu nogaye B yTKy 
0.025 r/mun. Tlorenyuan Bo BpemaA ombira ocTaeTca MOcTOAHHBIM. Cmenlenue 
oT MOTeHWHasa HaCbIIIeHHA pactet ot 70 Zo 250 ms. IIpu stom no HOTeHUMA I b= 
RbIM KPHBbIM Cpa3y %Ke MOXKHO CYAHTh O COCTOAHHH MOBepXHOCTH KaTaJlH- 
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aTopa BO BpeMs OlbiTa (KpuBaa 4). CkopocTh nocToAHHaA, HO CMmellenue no- 
CHUMaIa pacTeT, YTO YKasbIBAeT Ha H3MeCHEHHE AKTHBHOCTH KaTaJH3aTopa (mpH 
BeJIHYeH HH Ip OOJIKUTEIbHOCTH 
HIbITa MOHKHO HaOJIOJaTb YMeHbIIIe- pues 50° 
Me CKOPOCTH peakIlHn). : 
M3 puc. 3 BuHO, YTO Cc H3MeHeE- 
HeM TeMiepaTypbl ombita or 20 Jo | 
O° MaKCHMaJIbHad CKOpOocTb rHpu- 5 
OBaHMA yBelMuMBaetcs Jo l5mMa He 35° 
| 1 MMH. HM JocTHraerT Makcumy- Q 
[a IPH OMMpejeseHHOM 3aOJIHeEHHM 4 
oBepxHoctu (npx AE = 110 mp) 2r 
[pH Bcex Temmepatypax. Jlanpueii- a a na eI 
wee CMelleHHe MOTeHWMata cBUle- Ne 
eNbCTBYeT OO aycopOmMH Hernpe- 
€JIbHOrO BeUIECTBA, He yuaCTBYIO- 


Puc. 3. 3aBHCHMOCTb ME@XKAY CKOPOCTbIO peak- 
IMM WM CMeIeHHeM MOTeHUHalla MpH pasHblx 


lero B peakilHH. Temmepatypax B 0,1 N NaOH.  Ilysxrupupie 
TakHM o6pa30M, MeJJIeHHad UH “IHHHH —MaJleHHOBOKHCJIbI HaTpHA; CHMOLIHBIe 
ABHOMEPHAad Mofaya Hempeses_HOrO THEME +> 0-BUt pepe Oa 


emlecTBa B KaTaJIHTHYeCKy!0 YTKY 

OSBOIAeET PasrpaHHyHTb Epeawn WU Eagcops, HACT BO3MOXKHOCTh , ONPeeHTb 
MITHMAJIBHbIC KOHICHTPallHH HeMpeAeCJIbHbIX BeILECTB B PacTBOpe, MPH KOTO- 
bIX CKOPOCTh CHATHA BOLOpofa OyeT paBHa CKOPOCTH ero BO30OHOBJICHHA 
(a TIOBEPpXHOCTH KaTasHsaTopa. Hospi MeToy, rHJpHpoBaHHA NO3BOUT oMpe- 
€IMTb CKOPOCTH aKTHBaIHH BOfoposa B pa3HbIX cpefaX H IIpH pa3HbIx 
emiiepatypax. 


KasaxckHH TocyjlapcTBeHHbIii yHHBepCHuTeT Iloctrynuuio 
um. C. M. Kuposa 3) 1196s 


UWHMTHPOBAHHASA JINTEPATYPA 
1K. K. Texapwamanduesa, J.B. Coxonapexku ih, Tp. Mucr. xum. Hayk, 2, 


A95sjaee JLB. CokoapcKun, B.A. [pys3s, MWAH, 73, 949 (1950). 
~H.M Tlonosa, Tp. Uucrt. xu. HayK, 2, 77 (1958). . 


401) 


Woraayp 


AkaweMun nayr CCCP 
1961. Tom 138, Ne 2> 


PU3HYECKASI XUMHA 


r. P. JEBATBIX, Fr. Ks BOPHCOB x A. M. MABJIOB 
O PASAEJIEHHH H30TONOB KPEMHHSA PEKTH®HKALLMEN 


MOHOCHJIAHA 


(ITpedcmasaexo axademuxom A. H. ®pymKunom 9 I 1961) 


KpeMHHii HMeeT TpH CTaOHJIbHBIX H30TOTA, COAepKallHXCA B eCTECTBEHHOM — 
KPe€MHHH B cJlexyioulem CooTHOMeHHH: Si?® 92,27 % ; Si? 4,68%; Si®° 3,05%(*). - 

B HeOONbIINX KOMIHYeCTBAX PasfeeHHe H3OTOMNOB KPe€MHHA MpOHSBOLMMOCh 
MeTONOM 3JICKTPOMarHHTHOH cenapanny (%, 3). 

MoxkKHO OxKHAaTb, YTO AIA pasqeteHHaA H30TOMOB KpeMHHA OKaxKYyTCA MpH- 
MeHUMBIMH ()H3HKO-XHMHYeCKHe MeTOMBI, OKa3aBIIHeCA BeCbMa adbpeKTHBHbIMH 


Mudrui ) 4 
430m ’ 


k cucmeme abmomam 
nodavy #eudKoeo Aagomno 


Puc. 1. Cxema pekrHqbHKalHoH- 

HOH KOJIOHHH. J — KOHeHCaTOp, 

2— BakyyMHad py6amKa, 3 — 

KOJIOHHa, 4 — CTeKIAHHBI Ky6, 

5 — CMOTpoBhie OKHa, 6 — ammy- 
SbI WId oT6opa mpo6 


WWI pasfeJICHHA HSOTOMNOB MHOTHX JI€ErKHX 3Jie- 
MeCHTOB. OHAKO NOKa HH OMHOFO TaKOrTO MeTOAa 


He MNpeAJIOWwKeHo. TlompirKa pa3sqeneHuvA C MOMO- 


ULbIO PCEKTHPHKALMH YeETLIPeEXXJIOPHCTOrO KpeMm- 
HHA OKa3amacb OesycnemHon (*). Kak nokasamH 
BbIUHCJICHHA, KOHCTAHTa paBHOBeCHA H30TOM- 
HOH OOMeHHOHM peakilHH 


Sit*Fy + Sito F~ <= Si Fy + Si FE 


KOTOpasd B HacTOAUee BpeMA MOra Ob! ObITb 
HCNONb3OBaHa WIA Wee pasyesweHus, BecbMa 
Mala HW paBHa nuwh 1,002 npn 27°C (°). 


Ilenb1o HacTosmleH paboTEl OBO Hccueqo-— 


BaHH€ BO3MOXKHOCTH pa3feleHHA H30TOMOB 
KPCMHHA peKTHHKallwel MoHocHaHa. Moxo- 


cuylaH HMeeT HH3KYIO TemilepaTypy KHNeHHA, a” 


OTHOCHTeCJIbHad pa3HHIla Macc eFo H30TOMHBIX 
MOJICKYJI ABJIACTCA HAMOObINeH H3 BCeX COeqH- 
HeHHH KpemHus. [losTOMy MOMKHO O*KHAAaTb, 4TO 
pasiwuHe B YMpyrocTH Mapa H30TONOB KpeMHUA 
B BH MOHOCHaHa Oolee 3aMeTHOe, 4EM B Apy- 
rHX COCHHEHHAX. 

PasroHKa MOHOCHJIaHa MpOH3BOMIaCcb Ha 
HacalOuHOH MeTaJIMYeCKOH peKTHPUKaNHOHHOH 
KOJIOHKe, CX€Ma KOTOPOH H300paxeHa Ha puc. 1. 
HacaykoH cayxHIH ciupanmbkKu 22 MM HZ 
HHXPOMOBOH MpoBosIOKH Hvametpom 0,18 mM. 
Bpicota cyioa HacayKu 240 cm. JiMametp KomO0H- 
Hbt 10 mM. OddeKTHBHOCTb KOJIOHHEI, ompese- 
JIGHHasd MO paszemeHHIo M3OTOTOB yrsepoxa npu 


PpeKTHPUKAWHH OKHCH yraepoga, 60 T. T. Pa3sronKa MpoMsBo_uach pH aB- 
JIGHHH MOHOCHIaHa 560 MM pT. cT., 4TO cooTBeTcTByeT — 117°. Oro6paHHpie- 
pH pasronke MpoOObl MOHOCHaHa JWI H8OTOMHOTO aHasIH3a Ha MaCC-CeKTpo- 
MeTpe NepeBOAHIUCh B YeTLIPeXTopHcTH KpeMHUN. 

OTOT TepeBol NpoRsBoAMIcA clekyouLuM o6pasom. Monocusan oxKHraica 


B aTMOCHepe KHCIOpoza AO ABYOKHCH KpeMHHA, KOTOpas pacTBopssacb B nwia- 


BHKOBOH KHCOTe; WelicTBHeM XJIOPpHcToro bapa Ha pacTBOpP Momyyanes ocaqoK 
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KpemHedTopxctoro Gapus, TepMH4eECKHM Pa3J1O;KeHHeM eFO MOMY4aJICA BeTHIPex- 
(PTOPHCTHIM KpeMHHi. 

CmecH MOHOCHJIaHa C KHCJIOposiom, comep»xKamlNe MeHee 50% MonocHuaHa, 
ycCTOHUHBEI pH aTmocibep Hom J\aBJIGHHH HM KOMHATHOM TeMIlepaType, a cmecH, 
cojlepKalllHe CBBILIe 50% MoHocHJIaHa, Ip Tex *Ke YCIOBHAX B3pbIBYATHI (88). 
Jlis cnoKOWHOrO NpoTeKkaHHA peaKkIHH B3a- 
MMOJeHCTBHA MOHOCHIaHa C KUCJIOpoomM B- 4 
KayecTBe HHHMWMATOPA HCMONb3OBaIaCcb Tepe- —- 108 
KHCb BOOposa. PactBopeHve JBYOKHCH Kpem- t 102 
HHA MW OCawKeHHe KpeMHedTopucToro Capua f 
TIPOH3BOAWJIMCh B MOJHSTHJICHOBOM CTaKaH4uH- = 107 
Ke. OcayloK TIpoMbIBalica JUCTHIMpOBaHHor 
BOJOH, MepeHocusca B dbapdopoBblit THTeIb 0 5 10 1 20 25 90 vee 
cyumuica mp 120°. [locate storo ocagoK no- 
MelilaJica B MIpoOupKy U3 HeprKaBelolle cTa- 
nv. Jina yaneHua cueqoB BosbI npoOupKa c 
ocayKOM HarpeBasiacb fo 250° u npH 9TOM 
MpOKauMBaslach PTYTHLIM Hddy3HOHHBIM HacocoM JO OCTaTOUHOTO JaBseHHA 
~ 5-10-° mM pT. cT., 3aTemM Hacoc oTKJIO¥UaICA H MpoOu“pKa HarpeBamacb 
no —~ 800°. IIpu stom kpemuHedtopHcTH Oapu pa3maranca c BbI-eneHHeM 
YeTLIPEXPTOPHCTOrO KPeMHHS. 

H30TonHbl aHasH3 mpoO NpovsBo_MicA Ha mact-cneKTpometpe MH-1305. 
Vismepenua mposogumuch Ha uonax Si?*F;, Si2°F;, Si8°F3, Koroppim coorTBer- 
2TByIOT Macchi 85, 86, 87. KaxkqHi aHamH3 BKOUa B CceOa He MeHee 8—10 
3anuceH BCeX Tpex Macc. 

Tipu o6pa6orke 3anHcel Macc-cneKTpoB JIn yaeTa HeOOJIbLIMX MOCTeMeHHBIX 
A3MCHCHHU HHTCHCHBHOCTH HOHHBIX TOKOB TIpOH3BOAMaCb HHTEPMOAWHA BbICOT 
1ukoB 86 u 87 kK MOMeHTY 3anmHcH mHKa 85 (°*). 

V3 macc-cneKTpOB HaXOMHJIHCb H30TOMHbI€ OTHOIMeHHA 


Puc. 2. Kpupad pa3roHkKH H30TOMOB 
KpemHHa: a — Si2H,, 6 — SiH, 


Ay =I ge/le5 MW Ag =! 52// ss; 


me /s5, /se, /g-; — HHTCHCHBHOCTH HOHHbIX TOKOB, COOTBeETCTBYIOINMe MaccaMm 
3D, 86, 87. 

@MakTop pasfeyeHHA HaAXOMMJICA KAK OTHOLIeHHe M30TOMHBIX COOTHOLICHHH 
s mpo6ax, B3ATHIX 43 KyOa MH KOHJ[eCHCaTOPa KOJIOHHEI B OMHO H TO 2Ke BpeMaA, 


Fs zs = Ary aoe ihe = bead a Peaee 
29 1 ’ 30 nee, 2 


je Foo — dakTop pa3qenenua Qa u3otona Si®*, Fs 9 — dakTop pa3qemeHua 
aia w3otona Si*. 

Pe3yjIbTaTbI pasroHKH MpeycTaBeHbl B TaOw. 1 uM Ha pu. 2. 

Kak BugHO 43 Ta6n. | uw pHc. 2, B KoNOHHe ObLIO JOCTHrHYTO cranuonap- 


Ta6auna 1 
Pe3yJibTaTbl PeKTHPUKALHH MOHOCHJaHa 
So } Ko} 
2 } ro} 
= |lpogomx. E TIlpopzomm. 
2 pa6ortpl, Fs, Fro s pa6ortu, Fag Py 
qac.” qac,. 
=A Zz 
1 | Die 4,006 = 0,004! 1,044 + 0,004 a 20,75 {4,019 40,003) 1,030 + 0,004 
Pia. di, anaet 4,010 + 0,003} 1,012 + 0,003 6 27 4,012 + 0,002) 1,029 + 0,002 
5 | IZ. 3 4,007 + 0,003} 1,016 + 0,003 ff 34 4,022 + 0,004) 1,037 + 0,004 
4 16,3 |1,012+0,002] 1,024+0,002]] .8 30,0 1,020 + 0,004! 1,035 + 0,004 
403 


Hoe cocTosHve. M3 JaHHbIxX' pasroHKH ObLIM BbIMCJeHbl KOSpHUMeHTHI pa3- 
JIeICHHA, PABHbIe OTHOCHTEIbHOM YIIPyFOcTH Mapa W3OTONHbIX pasHOBMAHOCTE 
MOHOCHJIaHa 


Ag = Pj2044,/P sien, as 1 ,00035 ds 0,00007, 
Asp = Psiay,/P sion, == 1,00061 a 0,00010. 


B 3akmrouenve Bbipaxkaem OularogapHocts JI. I]. KopoBuny 3a nomoiiib npH 
MpOBeeHHH SKCIepHMeHTA. 


Hay4Ho-HccJleqoBaTeIbCKHH HHCTHTYT XHMHH Hocryn“sio 
mupu TopbkKoBckoM rocyyapCTBeHHOM yHHBepcuTerTe 29 IX 1960 
um. H. HW. Jlo6auesckoro 
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Soc., 1935, Ne 9, 1182. 
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PHSHYECKAH XHMHA 


M. f. KATAHEP 
ARCOPBUMA ASOTA, APTOHA H KPHIITOHA HA PA3JIMUHbIX 
NOBEPXHOCTSAX HW OTPEREJIEHHE NJIOULATH MOBEPXHOCTH 


(IIpedcmaeaeno axademuxom M. M. Jly6ununoim 15 XII 1960) 


AjcopOuua a30Ta Ha pa3JIMYHbIX [IOBepXHOCTAX H3y4eHa CpaBHHTeJIbHO 
XOPOIO B WHpOKOH OOaCTH OTHOCHTeIbHBIX aBseHHii. A30TOM 4aCTO MOJIb- 
3yIOTCH pH OnpeseneHuu yembHOH nMoBepxHocTH m0 meTozy BOT. ABropom 
HeaBHO Obil MpeqioxKex (1) HOBLI MeTO, OMpeseseHHA MOBepXHOCTH M0 aycopo- 
HHH B MOHOMOJIEKYJIAPHOH OOaCTH, OCHOBAaHHbIif Ha HCMOJb30BaHHH ypaBHe- 
uua M. M. JlyOununa u JI. B. Pagyuikesnya. B yKa3aHHol pa6oTe B KayeCcT- 
Be ajcopOaTa TakxKe IIpHMeHAJICA a30rT. 

OcHOBHOH WebI0 JaHHOM paoorTHl ABJIANIOCh HCCeqOBaHHe acopOuwH Apyrux 
ra30B, B YaCTHOCTH aproHaH KPpHITOHA, B WIMpOKOM OOsacTH JaBJeHHi HW Mpo- 
BepKa BOSMOXKHOCTH HX HCNOMbSOBAHHA JIA ONpPeHeeHHA MIOMLAM MOBepXHOCTH 
10 HOBoMy MeTony. Ancop6uHs 
No, Ar u Kr Opina u3smepena®* 
npH 90° K u faBneHHAX OT 
1-10-* yo 500 mm pT. cT. Ha 
geTbIpeX acopOeHTax: CHJIHKa- 
ree, CHJIMKOasporee, aJIOMO- 0 
reieé MH aKTHBUpOBaHHOM yrvie. 
H3mepeHua BbIMOJIHeHbI Ha yc- 
TAHOBKe, ONHCaHHOH pauHee (*). 
OMbITHBIe WaHHble pecTaBve- 
HbI Ha puc. 1—4 B sorapudMnu- 
4eCKHX KOOpJHHAaTAX. 

CormacHoO  MOTeHILHabHO!I -45| 
reopHu aycopOunH agcopOuHon- 
HbIH MOTeHIMal € onpeleiser- -20 
2 COOTHOIMEHHeM: i wey Caeey OMe Fae 22 


€ = RT In (p/p), 
Puc. 1. Vs0repmpr agcop6mnn {Ha [cuuKaree C-Y. 
rie R — rasoBpad MOCTOAHHaA, 7 _ asoT, 2—aprou, 3 —xkpuntoH. T=90,1° K 


p u T — faBnenve 4 Temnepa- . 
TYpa aqcopOuun, p; — JaBulenue 
HacbIMeHHOrO apa aycopOatTa. M3o0Tepmpl acopOWwHH pa3JIHYHbIX MapoB Ha 
HOM UH TOM Ke ajicopOeuTe, HaHeCeHHbIe B KOOPAHHATaX a — &, Tye a — al- 
2OpOMpOBaHHOe KOJMYECTBO, MOJMKHbI ObITh 0 NMOTeHIHaIbHOH TeOpHH adp- 
punup. M. M. [yOunnu u JI. I]. Tumodees (*) nokasaiu, 4To KoadpunHeHT 
addHHHOCTH B MepBOM MpHONMKeHHH PaBeH OTHOLICHHIO MOJIAPHBIX OObeMOB 
KOHJeHCHpOBaHHOH casbl aflcopOarTos. 

Tlockoubky B JaHHOH paOoTe Bce H30TepMbI alCOpOWHH NOWYYeHbI pH OLHOTi 
HM TOW 2Ke TemMMepatype, JIMHHM Ha puc. 1—4 JoumKHbI ObITh adbunHE. MowsapHpili 
o6bem *KuAKOrO a30Ta upu 90° K Oovubute, YeM Y KUAKOFO aproHa MU TBepOro 
KpunToHa. CieloBatTesbHO, H30TepMa Ne OKHa paciOMaraTLcA HeCKOJbKO 
Huxke u30TepM Ar u Kr. Kak BuHO H3 pHCYHKOB, 9TO COOTHOUIEHHE BBINOJIHsAeT- 
en JIA YP B OGaACTH OTHOCHTEIbHBIX aBeHHH, OoubwHx 0,001; axanorwuupie 
HallHM pe3YJIbTAaTLI Dia yraen Opin nomyyenbl c Ne wu Ar (*) wc No uw Kr (4). 
Y octasibHbIx copOeHTosB (puc. 1—3) M30TepMbI a30Ta pacnowlaraioTca 3HaUH- 
T@IbHO BbIIMe JHHHH WIA Qpyrux ra30B, IpHyem pacxoxwKyeHHe Bo3spacTaeT 
m0 Mepe YMeHbIMeHHA JaBieHuaA. Takasd xe 3aBHCHMOCTDb Oplla HalieHa pH U3- 


10 


lga(mmonb/e) —~ 


* B mpopezeHu onbiTos npHHumasa yyuactue I. I]. Tuxonosa, 


MepeHHax agcopOunn Ne u Ar Ha KpHCTaJJIM4YeCKUX BellecTBaXx (CM., HallpuMep, 
(5, °)). YaopeTBoputesbHOrO OObACHEHHA HPHPOMBbI STOFO ABJEHHA He ObIIO 1aHO. 
OTNVUUTeIbHOM OCOOeCHHOCTHIO MOJIEKYJI a30TA 110 CPaBHEHHIO C MOJIEKYJIaMH | 


pala pyrux ra3oB ABsIAeTCA HaIM4ve 3AMeETHOTO MOCTOAHHOTO KBajipyMOJbHOrO: 
momenta (7,°). Jlia as0Ta oH 
papeu 1,5 -10-?®CI'C3 (p), torza 
Kak JIA KUCOpOa He IpeBbl- 
maer 0,5°-1077° CLCO. .(p) aay 
OJHOaATOMHBIX Ta3s0B OTCYTCT- 
ByeT. OTOT MOMeHT HE OKa3bI- 
BaeT 3AMeTHOTO BJMAHHA Ha 
CHJIbl B3AMMOJeHCTBHA MexK]Ly- 
MOJI€KYJ1aMH IIpH Cp4BHHTeJIbHO: 


S 
aH 


lga(mmose/e)— 
S 
mM 


“1ST OOJIbINHX PaCCTOAHHAX, BCVIEL- 
iA cTBHe 4ero ra3006pa3sHbili a30T 

20 emer 1s TepMoy{HHamuecKH Mogo6ex Ar, 
ee ES ae Bete Kr, Oz WM HeKOTOpbIM ApyramM 

: ragam (°), | 

Puc. 2.iMsorepmb afcopOuvH Ha cHJIMKOa9porede. Teoperuueckue pacuerpi 110-— 


1 — sor, 2— apros, 3—xpunton. T=90,1°K ka3amH (2°), uro SHepruaA B3a- 
HMOJeCHCTBHA KBaApylouJiAd asora — 
C IIEKTPOCTATHYeCKMM MOM HOBEpXHOCTH TBEPAOLO Tea JOBOJIbHO BeMKa HB 
HEKOTOPBIX CJly4aaxX OM3Ka TO BeHYMHE K JMCMepCHOHHOH 3HEprH B3aH- | 
MojelicTBua. Bpwio ycTaHoBeHo (°, 4), 4To B3aHMofelicTBHe KBafpymoueli c 
MNOBEPpXHOCTbIO ABJIACTCA MPHUMHOM NOBbILIeEHHBIX TenoT amcopOmnu Neu CO” 
mo cpaBHeHuio c Ar uOz Ha © 
KPHCTaJWJIM¥eCKHX TelaxX MmpH 
Ma@JIbIX OTHOCHTCJIbHBIX aBie- 
HuaAxX. TloppmenHad aycopouns 
Ne mo cpaBHenuto c Ar vu Kr na 
cusIHKarele H aJOMOreie pH 
HM3KHX OTHOCHTEJIbHBIX JaBJe- 
HHAX TaKKe MOKET ObITb OOb- 
ACHe€Ha B3AMMOJ.CHCTBHEM KBal- 
PYNOJIA C MOBepXHOCTbIO, TaK 
KaK 3TH ajlCOpOeCHTbI UMeIOT 
Ha MOBePXHOCTH THApOKCHJIb- 
Hble Ppyiinbl, oOafaoujve 3Ha- 
YUMTEJIbHBIM JMMOJIbHBIM MOMeH- 
Tom. AKTHBHpOBaHHbIH YyrOJib 
mpeqcTaBiseT CoOoK amopdubli 
yrulepol, B3auMofelicTBHe Mpu 
ACOpOlNHH BEISbIBACTCH S/eCb Puc. 3. Uso0repmbl aqcopOunH Ha aKTHBHOM [vIHHO3e- 
B OCHOBHOM HCHePCHOHHBIMH ye, 7 — asor, 2 — aprox, 3 — Kpunton. T= 90,1°K 
culaMH. Ilostomy usoTepma Ne . 
Ha yrue Ou3Ka K u30TepMam Ar u Kr (puc. 4). OTKOHeHHe, NOABJsAIOMLeeca 
pH 3HaveHHAX CTeNeHH NOKpbITHA 6<( 0,3, OObACHAeTCA, MO-BHHMOMY, HaJIH- 
4HeM HEKOTOPOFO KOJIMYECTBA AKTHBHBIX YUACTKOB C Pe3KO BbLIPaKeHHOM HeOMHO- 
PORHOCTbIO CTpPOeHHsA. 
Hasmune ocoOenHoctel B acOpOWHH a30Ta 3aCTaBJIAeT KpHTHYeCKH pac- 
CMOTpeTb OCHOBaHHYIO Ha Hel MeTOJHKYy OlipeyeseHHA NoOBepxHocTH. Cpas- 
HHTeJIbHOe ONpefeseHHe MOBepXHOCTH NO afcopOunH No», Ar, Kr u apyrux 
ra3s0B IIpousBegzeHo B psge padot (7 1%). [Ip sTOM B KauecTBe HCXOHO! 
BeJIMUHHbI [JIA PaCUeTOB MPHHHMaNH Tollalb MOJIeKyJIbl a30Ta, BbIUHCNeH- 
HY!0 110 IWIOTHOCTH 2%KHAKOCTH u paBHy1o 16,2 A? npn 77,4°K. Usmepenna 
MOKa3aJIM, YTO JIA TOWYYeHHA MaHHbIX, COrsacyloulNxXcH Cc BeMUMHAaMH, 
HaWJeCHHbIMU TO afcOopOMHH a30Ta, HEOOXOLHMO MIpHHATb 3a NonepewHoe ce- 
yeHHe MOJIeKyJI [pyrux ra30B BenHunMHy B 1,2—1,5 pasa O6OnbIyio, 4eM 
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Lg a(mMone/e) —= 


BbIYHCICHHAA U3 MJIOTHOCTH ajicopOaTa B KOHJ@HCHPOBaHHOM COcCTOAHHH. Bpr- 
YHCJIGEHHOe OTHOWIeHHe MMOWalv, 3aHHMaeMOl MOJIeKyJOM afcopOatTa, kK MIO- 
magu Mosiekyab N, o,/6n, paBHo upu 77,4°K gana Ar 0,88 u gaa Kr 0,94, 
TOra Kak SKCHEPHMeHTAaJbHbIe aHHble 10 afcopOunH faroT 3HayeHHA 36,/dy, 
nua Ar 0,95—1,05 u aus 
Kr 1,20—1,35. Ilo muennto 
pafla uccileqopateseh mpH- ok 
YHHa COCTOHT B TOM, 4TO 
MOJeKy Jbl aflcopOaToB 3a- 
HHMAaIoT Ha TBEpO MoBepx- 
HOCTH Moma Ooupiune, 
YeM B KOHJ@HCHPOBAHHOH 
(pase. | 

PesysibTaTbI onpejlevie- 
HHA MOBEpXHOCTH U3 4H30- 
TepM ajflcopOuMH, lpuBejer- 
HbIX Ha puc. | — 4, Janbl B “10 - Meade a. So aoe 
Taos. 1. 3fecb 2%Ke IpHBeLeHI Bed ie 05 75 Pye coc iuaiet Y 
3HayeHHuA ia yran AL-2, z 
BbIUHCJICHHbIe HAMH TO JaH- Puc. 4. M3orepmpi agcop6uun nwa yrae CKT. 1 — asor, 
HbIM paOoTsI (3). dm — KOuI- 2 — apron, 3 — Kpunton. T = 90,1K° 
yecTBO a30Ta, ajcopOupyro- 
mleecsi B MOHOMOJIeKYJIAPHOM cwyioe. IlopepxHocTb afcopOeHTa serko onpese- 
sevTcd W3 STOW BeJHYHHEI OOBIUHBIM TyTeM. SHaveHHA 6;/6n, BbIMHCJICHbI 
HWyTeM JI@JeCHHA BeJHUHHbI A, Aaa N. Ha Ty Ke BenMuMHYy Qa Ar u Kr. 

Ilpexge Bcero cileqyeT OTMETHTH, UTO BLINHCIeHHA Mo Merony BOT u HOBomy 
MeTOLY, MpesviowxeHHOMy aBTopom (7), xopoulo cormacywTca mexy co6oit, 
mpHyem pacxoxeHia He MmpeBpiuawT 3%. CreloBaTenbHo, WIA onpesqeneHua 


ae) 
CA 
= 


Lga/mmonb/e) —- 
S 
zi 


-Q5- 


Tao6aunma ft 
Pe3ybTaTbl OlpeweneHuA NOBepxHocTu mo agcop6uuu No, Ar u Kr 
upu 90° K 
Ay, MMOJIb/T 5/0 Ne 
a a30T aproH KDPHIMITOH 
Ancop6exuT 
Soya Ss) |) Su aie sen ee 
o® 55 5a S56 5a 65 
=O poles =f mS = ie 
Cusaukaresb C-¥ Sikes | tot Me OOM a GAO Sl aay |) ah alts 
Cu aukoaaporevib 4519 — | 0,99 — AL 245) — 
AKTHBHbIM rIHHO3eM AP OO) Wd 1-2: |All SOO SOR Orin tae 23 alle le ee 
Yromb CKT = oat — 0,84 = 0,94 
Yromp AT-2 (3) 8,45 | 8,35] 0,86 | 0,86 — — 


1OBepXHOCTH HOBbIM Me€TOJOM MOryT ObITb HCHOJIb3OBaHbI H3OTepMb! aycopOuHH 
fe TombKO Ne, Ho uw Ar u Kr. OOpaGOorkKa onbITHBIX JaHHBIX Apyrux apropos (?,°) 
ioKa3asia, UTO HOBbIH MeTO MaeT Corsacyroulweca c MeToxomM BOT BewMyHHbl 
lOBepXHOCTH TakxKe B clyyae Oz Hu Xe. 

SHayeHHa O,/On, AIA MepBEIX Tpex afcopOeHTOB YKJaMbIBaOTCA B yKa3aH- 
ible BbIMe Mpesesbl, HAeHHbIe APyrHMU aBTOpaMH, 3a HCKOUeHHeM 3Hade- 
‘Mu Aa Kr Ha cumuKarene C- Y. SHauenua xKe JIA yruieH OM3KH K BeEM4HHaM, 
BIMMCICHHBIM MO MVIOTHOCTH aycopOaTa. JlaHHbie padori (*) mo ayqcopOunM Ha 
raax Ne, Kr, Xe 4 Apyrux ra30B Lait aHaJIOrHuHble pe3yJIbTaTHI. 

|SHauenue Ox,/O,; COCTaBsIAeT B CpeqHeM KaK MO HalllHM, TaK H MO paHee 
MyONHKOBaHHBIM JaHHbiM 1,25, Torfa Kak Wid CHIMKareia C-Y OHO paBHO 
,15 uw gas yrna CKT 1,12. Sto mower ObiTh OObDACHEHO ABJICHHEM YJIbTpa- 
OpucTocTH, TaK KaK 00a aycopOeHTa ABMIAIOTCA BeCbMa TOHKONOPHCTHIMH: 
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‘cpequHii payuyc nop, BbIyHcAeHHBI 0 dopmywie r= 2v/s, paBeH Aa CHJH- 
Kxarena C-Y 10 A, a yaa yraa CKT 8 


¥ 


AHaJIH3 OMbITHDIX JAHHBIX C Y4UeTOM H3JIOHKCHHOFO BHIMMe NOSBONACT NpeAio- 


JIOXKUTb, YTO OCHOBHOH MpHuHHOH pacxoKJeHHH NpH H3MepeHHAX MOBepXHOCTH — 


io ancop6uuu Ne vw Apyrux ras0B ABJIAeTCA Oosee TecHad yMaKOBKa MOJIeKYyJ 
Ne Ha MOBepXHOCTAX, CosepxKalNx 
MMOH M WOHEI, BCeICTBHe B3a- 
UMOMeHCTBHUA TOCIeNHHUX C KBAaJ- 
PyNOJAMM asoTa. Ota ynaKkoBKa 
Tnomayb, sanuMaemas ogHotl COOTBETCTBYeT, I10-BHJHMOMY, yrla- 

ae KOBKe B TBepjJlOM, a He XKHKOM 


TadOnuna 2 


Tlnomagu, 3aHuMaeMbI€ MOJIeKyJlaMH Ha TBepAOH 
MlOBepXHOCTH 


90° K 78° K asoTe. CyleqoBaTeJIbHO, pacueTHas 
eacls : BeJIHUMHA TomulayH MoseKysbt Ne 
S S JOJDKHAa ObITb 3HAUHTEJIbHO YMeHb- 
ge Leon acaal ae pxougenc, WieHa. AnamorManoe mpelioxenne 
cis Ook we COC cyelaHo HeqaBHO Ha OCHOBaHHU 
| ER B ee CpaBHHTeJIbHBIX H3MepeHHH 10- 
Oke BePXHOCTH  ajCOPpOMMOHHEIMH 4H 
Apron 14,4 14,4 ; 13,8 a5 SA Naat ¢ ier aortas etree ee 
A30r 14,4* [14,6*** |13,7* 144,6*** | MeTogamu (*°), 
: eA a ae LC oe B xkKayecTBe HCXOJHOH BeJIHUH- 
Kpunton | 18,0 {17,5 ****|17,0 es "HBL TIpaBHJIbHee B3ATb MIOUaib 
Kuenopon |13,7 |14,1 13,37 143.5 MOJIEKYJIbI OHOATOMHOTO aycop- 
Gata, Hallpumep Ar, He 3aBHcsa- | 
be alive MOBePXHOCTH. ULy!0 OT BHJa noBepxHocTH. M3me-_ 
** HenoJIdpHble MOBeEpXHOCTH. . 
*** TINOTHOCTbh B TBEPAOM COCTOAHHH MpH Temme- perma ymoouee MIpOBOAHTB TIpH 
patType miaBseHus, . 
**** TI MOTHOCTh B KHAKOM COCTOAHHH pH Temnepa- 90 a Ginkle 78 K, EN a) Zone aie 
type naBsaenusa. aprou 3aTBepleBaeT mpH 84° K, Tor- 


la Kak 110 HEKOTOPbIM JaHHbIM (7°) | 


allcop6upoBaHHasc MWJI€HKa HaAXOJMTCA, NO-BAJMMOMY, B %KHKOM COCTOAHHH Jae 
npu 78° K. Benuauna mioujaqu MoweKyJbl aprona npH 90° K, BErmucneHHaa 
W3 MJIOTHOCTH %KHAKOCTH, paBHa 14,4 A? 

Ilo aqcopOuHOHHBIM JaHHbIM WIoulayb MoueKyJibl Ne NpHOJIM3HTeIbHO paBHa 
TmIoulayH MosieKybt Ar, YTO COOTBeTCTBYeT YMaKOBKe B KpHcTaJiax TBepAoro 
a30Ta. ITO XOPOMIO NOATBEP#KAaeT BbICKAZAHHOe BbIWe WpesnomowKeHHe. [Ipu- 
BeeHHbIe B TAO. 2 3HAGVEHHA MOULAaIH MOJeKYJI, BbIMHCJICHHbIe MO aycopo- 
I[HOHHBIM JIAHHBIM, HCXOAA M3 yKa3saHHOH mMuiomlaqH Quia Ar, peKomeHAyloTca 
IIA NpMMeHeHHA TIpH onpeseseHHH WOBepXHOCTH. OHH XOpoulo corlacyroTcA 
C BeJIHYHHaMH, OMpeeJeHHbIMH U3 MJIOTHOCTH KOHJCHCHpOBaHHOH (pas3bl. 


V 


Bpipaxkato OarofapHocts A. VW. Moposy 3a WeHHbIe CoBeTbI Mp o6cyKIe- | 


HHH padorsl. 
Beecoro3Hblii Hay4HO-HCCJIEAOBaTeIbCKHH MHCTHTYT Hocrynuio 
KHCOpOMHOrO MallIHHOCTpoeHHsA 15 XII 1960 
UMTHPOBAHHAS JIATEPATYPA 
YM. Karawe'p, (OX) 3389220211959) Meee ara Ohciurt erie ti seme) lem emeluanae 
MOo@ees, KOX, 21, 1213 (1947), 8 Bl @ actos ¢ kM im. .AC Es Pos wm mice 
Tp. Bcecoto3H. aeKTpotTexH. HHCT., B. 61, 48 (1958). *kK.M. Huxoaaes, M.M. JLy- 
6uH UH, Mss. AH CCCP, OXH, HOtsy ABCs DOIN Gy Ce Gin elim, M. Holmes, 
J. Phys. Coll. Chem., 58, 1309 (1949). Aldi labo tsie, Ibe IR I Gay Siig Oi.) Ih, sys. 
Chem., 56, 1401952). 7". OO, “Hairs eh? etsdem soar. Ca stasis, RY Ba Ba wds 
Molecular Theory of Gases and Liquids, N. a WEBER jo, ACP Gi Mo kG at ial 
Lom, “Ar Cy (Mea ellte ond) iranss: Parad s1S0cnmp 5a 1/99 (1959). 7 Ma le Kean amen 
KOX, 30; 2691.(1956). © 10, Lae ESD reatiin, Wranss Pardde S0ce) 7405) 650 "(1 9aoM 
NE Be Drain, J.A.Morrison, Trans. Farad. Soc., 49, 654 (1953). 2 R.A. Beebe, 
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Miss. AH CCCP, OXH, 1960, 588) 42 GL. Gaines, Po Cann on Je) Phys) Cheme 


' 


64,997 (1960). 29 Va Diane's. Jo Nev ak onveanGolleG@zechos!: Chem. Commun., 24, 
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Torutagn Akagemun nwayr CCCP 
1961. Tom 138, Ne 2 


®PHSHTECKAA XHMHA 
JI. H. KYWEBA 


BJIMAHME CBEPXCTEXHOMETPHYECKOrO KHCJIOPORA 
HA KATAJIATHYUECKHE, AXCOPBUHMOHHbIE UW IJIEKTPHUECKHE 
CBOMCTBA 3AKHCH HHKEJIA 


(ITpedcmaeaexo akademuxom II..A. Pe6uxdepom 30 1X 1960) 


OTa paootTa BOSHHKJIa B pesysbTATe UCCEAOBAHH KaTaJIMTHUeCKUX, allcop6- 
JHOHHDIX H QJICEKTPHYUeCKHX CBOHCTB oOpa3iloB 3aKUCH HHKeJIA C pa3JIM4HOH 
IEKTPOMPOBOAHOCTHIO (*). OOpasibl HHKEIA, MOJyYeHHbIe NpoKaHBaHHem Ha 
303yxe NpH pasM4YHOH TemMepaType, CofepxaT pasmM4yHOe KoNMUeCTBO H3- 
BITOUHOTO MPOTHB CTCXHOMECTPHH KUCJOpOa, MOA KOTOPOTO YMeHbUlaeTcA C 
IOBBIIMNeCHHeEM TeMMepaTypbl pa3JIOKeHHA 
ACXOJHOH COJIH. OMHOBpeMeHHO C yBeJIH- 
HeHHeM TIPOMeHTHOTO cosepxKaHUA Uu36EI- Yyenbubie mopepxuocta NiO pasawunoii 
rouHOrO KUCsOpoya W3MeHAeTCA WBeT 3a- UpOKaJIKH W MCXOAHBIi cocTaB o6pasioB 
KMCH HUKCJIA OT 3eJIEHOrO K UepHOMY, a iets re 

& = 1. M?/r Wcxoyupii 
Pakwe HEKOTOPbie ApyrHe CBOHCTBa, Ha- Katanusatop | (qo KPHNTOHY) cocTaB 
IpHMep, IJEKTPOMPOBOAHOCTb, MarHutT- 


TaoOauna 1 


daa BOCIPHUMYMBOCTh, KaTaIMTHYeECKaA  NjO (900°) 2,0 NizOp 997 
aKTHBHOCTS. Hu pp. (2). NiO (800°) 3,5 a 
1, OOpasupl 3aKHCH HUKeA ObIIM NO- NiO (700°) _ 13,0 NiO, 97 
TYYeHbI Ip MpOKaAMBaHHH MIpesBapUTeb- — NiO (600°) 17,5 fe 
io TaOsleTHpOBaHHOTO- MIpH aBeEHHH NiO (500°) 30,5 NixO, 45 


1000 arm. KapOoHaTa HUKeJA pH Temnepa- 
typax 500, 600, 700, 800 u 900° B TeueHHe 
3 wac. Ip HeNpepbIBHOM IIpO,yBaHHU OUMIeHHOrO BO3LZyxa. Oxpacka o6pas- 
JOB H3MeHssacb oT uepHoro NiO (500°) go cBetio-seenoro NiO (900°). Beu- 
IMHbl YI@JIbHBIX MOBepXHOCTel Onpefenauuch mMeTojom BOT u3 paBHoBecusix 
W30TepM (pusHyecKkol aycopOuuH KpumToO- 


aa ha Ha pH Temilepatype %XHIKOrO a3oTa 
(—195°). 
Katanusatop | xxan/monb R, OM-cM Vs6nITouHbId §=mpoTHB cTexHomeTpHii 


KHCJIOpOR OnpesesAsIcA MyTeM BOCCTaHOB- 
neHua NiO B Toke BofZopofqa mpH Temme- 


a (300°) ae ne patype 400°. Oru jaHHple cBefeHn B 
NiO (700°) 4 40-40! Ta6s. 1. DnekTponpoBoxHocTs onpesens- 
NiO (600°) aa 8,9-108 JlaCb MeTOJIOM, OMHMCaHHbIM paHee (?), 

NiO (500°) 15 6,9- 10° B ra6v1. 2 1pHBeqeHbI aHHBIe Ho yemb- 


HOM 3JICEKTPONPOBOAHOCTH pH 25° u 3HEp- 
‘HM AKTMBAIMH JJICKTPOMpPOBOAHOCTH, H3MepeHHble B BaKYyMe B OOslacTH TeM- 
lepaTyp OT KOMHAaTHOH Jo 300° za oGpa3syoB NiO pa31maHow npoKanku. Mox- 
10 BUJeTb, ITO QICKTPOMpOBOAHOcTh KpalHUX OOpasiloB OTNIMYaeTCH Ha [Ba 
lopayKa, a 9Heprua aKTUBANMM M3MeHAeTCA Ha 15 KkaJ/Moub. 

| 2. KaranuTuueckad peakiua okucmeHuan CO Ha cTexvoMeTpHyecKol cmecH 
2CO + Os) u3yualacb B BAKYYMHOM yCTaHOBKe B CTaTH¥UeCCKHX YCJIOBHAX IIpH 
lapnenuu 0,5 mM prt. cr. IIpogyxr peakuuu COz BEiIMopaxKuBasica B U-o6pas- 
loli JIOByllIKe, OXJIaxKaeMOH *%HKHM a30TOM. KMHeTHKa OKHCJIeCHHA WIA BCeX 
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o6pasiloB COOTBeETCTBOBAaIa ypaBHeHMIO MepBoro NopsyKa. Ha puc. | mpeyctas- 
yieHa TeMMepaTypHaA 3aBHCHMOCTb KOHCTAHTEI CKOpocTH oKUcsIeHUA CO Ha Hc- 
CulelOBaHHBIX OOpasuax. B Ta6u. 3 NpMBOAATCH SHAaYeCHHA SHEP aKTHBa- 
IMM OKHCNeHHA CO, npesaKCHOHeHUMaJIbHbIe NOCTOAHHBIe MW yeJIbHbIe KOHCTAaH- 


tbl cKopocru K, npu 24°. 


Puce. 1. SaBucumMocTb JorapHdma 
KOHCTAHTLI CKOPOCTH OKHCJICHHA 
CO of o6paTHou TemmepaTypbl AJA 
NiO pa3siuuHoH mpokanKu: 1 — 
500°, 2— 600°, 3—800°, 4—900° 


0 2 40. 60  8Omun 

Puc. 2.. Kunetuueckue KpHBbIe aycopo- 

wun CO npu ¢ = 24° ana NiO pasnuu- 
HoH mpoKkamnKu: J — 500°, 2 — 800° 


V3 ra6n. 3 cnemyer, uro Ha BcexX KaTamusatopax NiO, npoKaseHHBIx B OO- 
JiacTH Temnepatyp oT 500 go 800°, peakuMa MfeT C NpakTHyecKH OJMHAKOBbIMU 
SHEpruaAMH AaKTHBAaIlMM, HO C pa3JIMYHbIMM Ha¥aJIbHbIMH CKOPOCTAMH Mpottecca. 


KoucTaHta ckopocrH m mpu 24° 


Ta6auna 3 


Ha xKatasmusatope NiO (800°) npu- 
MePHO B TpH pa3a Oonpute, vem Ha NiO 
(500°). Pocr KOHCTaHTbI CKOpOCTH B laH- 
HOM CJlydae CBA3aH C YBeJIHYeHHeM Tpey- 
3KCNOHCHUMAaIbHOH MOcTOAHHOH Ko. 
Ha o6pasue NiO (900°), KoToppti no 
cocTaBy OJ1M30K K CTEXHOMeTpHueCKOMY, 
9HEprHA aKTHBALMU peak OKHCIeCHHA 
CO BospactaeT nouTH Ha 3 KKaJ/MOJb. 


Ky 12 
Katasusatop Ko mpu 24° | KKan/MOub 
NiO (900°) 2-108 Ogata Stl 
NiO (800°) | 6,4-10 OneM 3,0 
NiO (600°) | 3,4-40 0,20 a8) 
NiO (500°) | 2,2-40 Ova 3,0 


Ancop6uua Kucnopoga, CO u ameru- 


x jleHa u3mMepasacb Ha NiO (800°) u NiO 
(500°). Ilo xapaxtepy seKTponHoro nepexoga Oz ABJIAeTCA AKUeNTOPOM 9J1eK- 
Tponos, CO u C,H, — rasbi — Jouoppi snexTpouos. Agcop6una CO usyyanacp 


pH KOMHaTHOM TemiepaType H mpuBeqena Ha 
puc. 2, M3 KOTOpOro BUAHO, YTO CKOpocTb aj- 
COpOWHH STHX TasoB M OOmlee alcopOupoBaHHoe 
KOJIMYeCTBO CJIerka CHHMKaeTCA y OOpasna NiO 
(500°), mo cpaBHenuto c NiO (800°). Ananoruy- 
HO Mmpotekana aycopOuua C,H,. Ancop6unsa 
KHcopoya, H3MepeHHaa mpu 300°, npaKxrnue- 
CKH ofunaKosa fa NiO (800°) u NiO (500°) 
YTO TIpescTaBeHO Ha puc. 3. 

3. IIpu nmpumenenuu pasnuunoli Temnepa- 
TYPbl MpOKaiMBaHuA MCXOAHOrO KapOouaTa HH- 
K@JIA ObWIH NOMYYeCHbI KaTAMH3aTOPHI, OTMMUAIO- 
WIMeCH 110 CBOeMy COCTaBy OT cTexHoMmeTpuu. 
Kak ObluIO HAMH NOKa3aHO, OTKOHeHHe OT cTe- 
XHOMeCTPpHH CBH3aHO C H3ObITKOM KHCOposa. 


? 


60 80 MuH 


o 20. 40 


Puc. 3. KunetuueckHe KpHBbIe 
ajcopOuHH KHCIOpoya np f= 
= 300° gna NiO  pasnuuHoK 
mpokanKu: J—s00°, 2—800 


M36piTouHbiii KHCNOPpOL MOKeT HAaXOMHTSCA B y3ax pelleTKH B Bue OTpUILa- 
TCJIbHbIX J[BYXBaJICHTHBIX AHHOHOB. Ha kaxyblii Takoii aHHOH B pellerTKe 
3aKMCH HUKesIA OOpasyeTCA OJHO KaTHOHHOe BakaHTHOe MeCTO M AIA COxXpa- 
H€HHA HeHTpasbHOCTH pemweTKH Ba Ni** vona BO1u3M BakaHTHOTO MeCcTa. 
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[IpH yBenwueHuu KONMYeCTBA H3ObITOUHOFO KHCOpoma, a CEMOBATebHO, 
vouos Ni**, ckopoctTs mpomecca oxucsenua CO cuwxKaeTca, TOUHO TAK Ke KaK | 
Ha TBeEpAbIx pacrBopax NiO c ,o6aBKoli okucna muTua (*). OnHako, ecIM yMeHb- 

leHHe CKOpOCTH Mporecca Ha OOpasijax NiO (Li2O) caasaHo c H3MeHeHHeM 9HEp- | 
MH AKTMBALMM Mpollecca, TO B JaHHOM CJly4ae STO BLISBAHO YMeCHbIUIeCHHeM Mpel- 
KCNOHCHIHaIbHOM MOcTOAHHOH Ky KOHCTaHTbI CKopocTH peakuuH. M3menenue 
‘o MpoOTeKaeT KaK Obl MapasebHO C H3MeHEHHeM acopOmWuH raaBHoro KoM- 
OHeHTa peakuuH CO. MoxxHo npeqnonaratb, 4uTO JIMMUTUpyromlehH crane 
eakUHH ABAAeTCA amcopOuua CO. OrcytcTBHe cBa3u (B mpesenax 800—500°) 
@xKTy 9Heprvel akTHBaMH KaTamMTMYecKoro Mpouecca Eyay M 9HeEprHveli ak- 
MBallWH SJIeKTpOMpoBosnocTH FE, ykasbiBaeT Ha pyro MexaHH3M B3aHMo- ) 
BASH M@KY ABYMA STHMH ABJICHHAMH B WaHHOM cucTeme. Mf 


Viucrutyt usHyeCKOH XHMHH Tloctynu10 
Axayemun HayK CCCP 25 VII 1960 


UMTHPOBAHHAA JIATEPATYPA 
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Jloxaagam Axkaygemun nayr CCCP 
1961. Tom 138, Ne 2 


PH3SHTECKAA XHMHA 


Oo. A. THMO®EEBHUEBA u B. Bb. JIASAPEB 


3ABHCMUMOCTb MOBEPXHOCTHOFO HATSADKEHHA TAJIMA 
OT TEMIEPATYPbI 


(IIpedcmasaenxo axademuxom H. B. Taxaxaeeoim 24 XII 1960) 


Uccnenopanue TemiepaTypHOH SaBHCMMOCTH NOBepXHOCTHOTO HaTAKeHUA 
0 TaJIUA ObIIO MpOBeseHO HAMM C IeJbIO paspellleHHA HeKOTOPHIX 3aTpyHe- 
HH, CBA3QHHBIX C M3POTOBMeHHeEM MOJIYMpOBOAHUKOBBIX ycTpolicTB (*). Ho- 
BePXHOCTHOe HAaTAKeHHe TamMA HCCeAOBaOCh paHee B paOoTe SayspBasbya 
uw Uimunta (7), Ho 9TH ABTOPbI YK@3bIBaIoT, YTO HM HE yaJIOCb MOMY4MTb BOC-| 
IIPOH3BOJ.MMBIX BO BP€Me€HH pe3yJIbTATOB, a 
HMe€HHO: O TaJIMA B TeueHve 1—2 vac. Bospa- 
ctasio oT 357,0 yo 496,0 qun/em npn 320°, 
UTO, IIO-BHHMOMY, OblWwIO CBA3SAHO C MeTOJIH- 
ueCKHMH HeJOCTaTKaMH. 

Jia W38MepeHH TemilepaTypHOH 3aBHCH- 
MOCTH O TaJIJIHA MbI BOCIIOJIb30BaJIHCb MeTO- 
JOM MAKCHMAJIBHOrO JaBJICHHA, XOPOLO 060c- 
HOBaHHbIM TeopeTHueckH. | eopua sTOrOMeTOa, 
Hae ccranne Kantopom (*), TpeOyeT mpH- 
Me€HCHHA KaMHJJIApOB, WMeIOWHX Yy cree 
OecKOHEYHO MaJIyIO TOJMHHY CTeHKH. Baugy 
BbICOKOH TOKCHYHOCTH TaJIHA UCceqOBaHHe 
erO MOBePpXHOCTHOFO HaTAXKeHHA MBI PeWIMI 
TIPOBeECTH B 3alaAHHOM CTeKJIAHHOM MpHOope. 
OHaKO H3ProTOBJIeHHe H3 CTeK Ia KanHJIJIApoB, | 
YHOBJETBOPAIOMIHX TpeOOBaHHAM TeopHH (°), 
BeCbMa 3aTPyJHUTeIbHO. Ecau JWI H3Mepe-| 
HHA O KUAKOCTeH, He CMaYMBAIOIUX MaTepHadl 
KanlHJJIApa, HCMOb3OBaTb Me€TO], MAKCHMaJIb- 
HOrO JaBJICHHA B Kalle, a Wid H3MeCpeHHA O 
XKHKOCTeH, CMAYHBAIOIWMX MaTepHadl KanmHu- 

Dias Japa, IpHMeHATb cnoco6 MaKCHMaJIbHOrO 
J\aBJICHHA B ITy3bIpbKe, TO MOXKHO YNOTPeOATS 
KanHJJIApbl C KOHeYHOH TOJIMIMHOH CTeHKH. 

Tak KaK CMauMBaeMOCTb CTeKsIa TaJJIHeM TPM pa3JIM4HbIX TemmepaTypax 
HaM Oba HEH3BeCTHA, TO BO3HHKJIa HEOMpeseeHHOCTb B BLIOOpe MEKLY TBYMA 
BapHaHTaMM MeTOJla MaKCHMaJIbHOrO laBeHHaA. C Wembio paspelleHuaA STHX 
3aTpyAHeHHH ofHumM u3 Hac (O. A. TumodeeBuueBoi) Obln cKOHCTpyHpoBaH 
3aMaAHHbI CTeCKJIAHHbIM BpallalouiMlica MpHOop, NO3BOIABLUIHH, B OTJIHUM 
OT OMMCaHHbIX paHee B wHuTepatype (*,°), He TOMbKO MPOBOAHTh H38MepeHHA GO 
Me€TOJOM MAKCHM@JIbHOrO JaBsIeHHA B Karlie, HO H NepexOQuTb Ha s1O00K cTa- 
AMM OMbITa K H3MepeHHiO O MeTOJOM MAKCHMaJIbHOrO JaBIeHHA B Ta30BOM Ty- 
3bIPbKe MH OOpaTHO, He BCKPbIBaA pHOopa. 

Tlocne TuaTenbHOH TepMOBaKyyMHOM OOpaOoTKH upHOopa (puc. 1), yKpe- 
IWIeHHOrO Ha Bpalllaioujelica pamke, B cocyfH J u 2 no tTpyOxe 1/6 nepeso- 
AMTCA. HeEOOXOAMMOe KOMMYeCTBO UcCcJIeqyeMoro pactiaBeHHOTO MeTaJJia HW 
TPOHHUK OTHaHMBaeTcn no muHHH /9—19'; no TpyOKe 3 npHOop 3anomHsAeTC 
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Be yruttin Ta30M JO JaBJIGeHHA HEMHOrHM HYKE aTMocdepHOorO, OTMaNBaeTcaA 
T BaAKYYMHOM yCTaHOBKH NO JMHuN 4—4’ uy MOMelllaeTCA B BOSLYWHBI Tep- 
foctaT. Jia usMepeHHA MOBepXHOCTHOTO HaTHKeHHA MeETOJOM MaKCHMaJIb- 
foro aBJIeHHA B Ta3s0BOM Ily3bIpbKke MpHOop BpalilaeTcA B MWOCKOCTH 4ep- 
pKa NO YacOBOM cTpesKe Tak, YTOOI YaCTb MeTaJJla BbINMacb M0 TpyOxke 5 

; peseppyap 6 M 3aKpbiia KOHeN Kanunaapa 12, a no TpyOKe 7 B pesep- 
yap 8 u 43 Hero B MaHoMetp 9. Ilocne BosBpamjenusn mpuOopa B ucxoLHOe 
loylowKeHHe ocTaBuimiica B cocyye 2 Mera nyTem MOBOpoTa lipHOopa Boxpyr 
cu XX, OT ceOA Ha yrou, HeCKOMbKO MpeBblivaiomui 90°, nepenuBaetca 
ycocyn / no TpyOxam JO, 11, uw mpuOop BosBpaltaetcs B MOMOKeHHe, yKa- 
aHHoe Ha yeptexe. Torfla Meta NO evcTBHeM CHJbI TAKeCTH, WpoTeKas 
pes cyxenuve /3, nocTtemeHHO 3aKpbiBaeT ‘oTBepcTHn Tpy6ok // u 7, u B 
ipuOope cosmaeTca 3aMKHYTHIM OOBEM Ta3a, OrpaHveHHbIli NOBepXHOCTAMY 
leTaia B cocyfe 2, kanuanape J/2 u Konene 1/4 manHometpa 9. Ilo mepe 
laTeKaHHA MeTaJlIa B cOocyf 2 JaBNeHHe B YKa3aHHOM OGbeMe BO3pacTaeT, 
|B peseppyape 6 HM CBA3aHHOM C HUM IIpocTpaHcTBe MaflaeT; Ha cpese Ka- 
nsaipa 12, HaxofallerocA B %KHKOCTH, bopmMupyeTca TasOBbli MysbipexK. 
‘aSHOCTb JaBJIeHHii B ly3bIpbKe H Hay, MOBepXHOCTbIO MeTaJa B cocyze 6, 
Berean (@uKcHpyeTcas MaHOMeTpOM 9, MIIPHBOAMT K TOMY, YTO.C KOHUNKa 
annsapa 12 pu JOcTwKeHHH MaKCHMaJbHOTO jlaBJICHHA HAUYMHAIOT Cpbi- 
aTbcaA Ny3blpbku rasa. IIpH nopopote mpHOopa BoKxpyr ocu XX, oT ce6sa 
la yrOJl, HeMHOrHM Oosiee 90°, JaBJeHHe BO BCeX efO 4YaCTAX BLIPABHUMBAeTca, 
| MeTaJI1 H3 Cocyfla 2 nepetekaet B cocyz 3. IIpH Bo3BpalieHuH mpHu6opa 
| TIEPBOHAYAIbHOE NOO%KeHHeE U3MEPCHHA MOXKHO MOBTOPHTb HM TOCTyNAaTb 
akuM OOpa3s0M MHOroKpaTHO. Suan pacctoaHne OT MeTKH 15 flO cpesa Ka- 
Mapa 12 w M8MepHB paccTOAHHe OT TOM %Ke MeTKH JO YpOBHA meTasua 
/ cocyfe 6 MOXKHO onpeseiuTb riyOuHy NorpyxKenuA Kanusapa. [na pac- 
€Ta 6 m0 dopmyste Kantopa octaetca fOOaBuTb pa3HOCTb ypoBHelt 2K 
OcTH B MaHOMeTpe 9, pagwyc Kanusnapa 12 HM MMNOTHOCTb uccse_yemoli 
MAKOCTH IIpH Temlepatype H3MepeHHaA. 

Tlepexoy, K H3MepeHHIO M€TOJOM MAaKCHMAaJIbHOFO JaBJeHHA B Kansie ocy- 
feCTBJIAeTCA IlyTeM TpocToro MOBOpota MpHOopa BoKpyr ocw X —X, oT ceba 
la 180°. Merann u3 cocyfa 2, Tenepb OKa3aBlleroca B BepxXHeli YacTH TIpH- 
Opa, no tpyOxe 16, uepe3s cyxeHve /7 OyyeT MeAeHHO NocTynaTb B KanH- 
fap 12 u MaHoMeTpuueckyio TpyOxy 8. Ilpu sToM yaBseHNe ra3a BO BCex 
acTAX MpHOopa OnarofapA CcHCTeMe COCAHHHTEJIbHBIX TpyOOK OJHHAKOBO 
OcTosHHO. IIpu focTHxKeHHH MaKCHMaJIbHOTO JaBJIeHHA B Karlie C KOHYHKA 
anvsaapa J2 HauHHalOoT NafaTb KalembKH w*uKOCTH. Vi3mMepHB BBICOTY 
foOa MeTasa, COOTBETCTBYIONLYIO 3TOMY MaBJIEHHIO, PaBHYIO paccCTOAHHIO 
rT cpesa Kanunnapa 1/2 fO NOBepXHOCTH XKHAKOCTH B MaHOMeTpUyeCKOli 
dyOKe 6, a TakxKe, 3HAA NMOTHOCTS KHAKOCTH MpW Temnepatype uccJeloBa- 
Aa WM pasyc KallHJApa, MOMKHO PacCUHTaTb MOBePpXHOCTHOe HATAXKeHHE TO 
Opmyne Kantopa. Jlna noBropeHua u3MepeHHii npHOop HakJOHAeTCA OT 
Oa Ha yrom 90°, npH 3sTOM %xHAKOCTb H3 cocyyoB 6 Hu 6 TepetTekaeT B co- 
™ 2; mpHOop Bpatiaetca Ha 90° B OOpaTHOM HalpaBJeHHH, 4YTO MOsBONAeT 
| eae K CJleyIolleMy H3MepeHHio. 

Bo MHOrHXx Culy4aAaX B XOfe ONbITa CTAHOBUTCA OYCBUAHDIM, YTO HccMeLyembilt 
eTaJll, NepeBeseHHbIM B MIpHOop, He CMa4HBaeT CTeKJIa, TOra IA ynpoulenua 
800TbI MO H3MEpeHHIO O BCera OCTACTCA BOSMOXKHOCTh OTMAATb NpHOop OT Ba- 
YYMHOH YCTaHOBKH JO 3aNOHeHHA erO HHEPTHbIM Ta30M H NPOM3BOANTb H3- 
{PeCHHA TOMbKO METOJOM MaKCHMAJIbHOTO AaBJIeHHA B Kalie B YCJIOBMAX BbI- 
(KOTO BaKyyMa, T. €. TaK, KaK B rpaBUTallMOHHOM NpHOope (*). Mmenno taKaa 
BMOXMKHOCTH MpecTaBMIaCh pH UCCMeOBaHUH MOBepXHOCTHOFO HaTAKeHHA 
JIS. 

Bios TOrO Kak OT(pHJIbTp OBaHHBI B Bakyyme ~ | -10-° mM pt. cT. oT OKHC- 

pacniaBeHHbIt MeTa mepeteK B mpHOop, Oblo OOHAapyxKeHO, 4TO B HH- 

Beane Temnepatyp 303—500° Tannui He CMauHBaeT CTEKIO. ITO NOSBOHIG 
™M B JaHHOM CJlyuae OTMAATb IpHOop OT BAKYYMHOH ycTaHOBKH, He HaNOJHAA 
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ero HHEPTHbIM fa30M, H MIpOMSBeCTH MeTOJOM MaKCHMaJIbHOrO AaABJICHHA B Kall 


ye U3MepeHHA O HKHAKOPO TalIWA, HAXOMAWerOCA B BaKYYMe€ B PaBHOBeCHH 


COOCTBeHHbIM HACbILILeHHbIM MapoM. 


4 


SHaueHHA MIOTHOCTH pacCiaBJeHHOrO TaJJIHA TIpu TemMepaTypax uccae 
JIOBaHHA, HeEOOXOAUMbIe JIA pacueta o no dopmywe Kantopa, Obi B3ATHI U 


pa6otni (°). 


B orimuve oT pe3yJIbTaTOB, NOyYeHHEIX SayspBabfom u Imupztom (?) 
MOBepXHOCTHOe HaTAKCHHE TAJIMA B HaIMX OMbITAX, MpPOBOAMBUIMXCA B Te 


OuH/cM Ga 
700- S05 Ons 


650+ 


400\_1 1 \ 


pS ee ——— 
100 200 300 400 bs 


Puc. 2 


Kak BHJHO H3 plc. 2, Ha KOTOPOM MOMEIICHbI pe3yJIbTaTbI Halllero uccwe} 
JOBaHHA, a TaKxKe TeMMepaTypHble 3aBHCHMMOCTH MOBeEpXHOCTHOFO HaTAKeHHs 
ra/JIHA HW MHLMA TO WaHHbim (*,8), MOoBepxXHOCTHOe HaTA2KeHHe SJIEMCHTOB TOf 
rpynMbl rasa yOpiBaeT C yBeMYeHHeM ATOMHOFO BeCca, aHaJIOrH4YHO 3JIeMeH] 
TaM MOAIpyNibl WeOUHEIX MeTaJIOB (°). | 

ABTopbl BbIpaxkatoT OarofapHoctp B. C. Bpiomkosy u B. A. Mypapikos 


3a yuacTue B paootTe. 


WuctutyT o6uleH u HeopraHuueckoH XHMHH Tlocrynuao 


um. H. C. KypHaxosa 
Axafemun Hayk CCCP 
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(1959). * F. Sauerwald, B. Schmidt, Zs. anorg. u. allgem. Chem., 213, 34 
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yeHHe 7 HEH, OCTaBaIOCb H€H3MCHHbIM 
TepmuyecKkand 3aBMCHMOCTb O TAJIMA E 
HCCJI€lOBaHHOM HHTepBavle TemMepaTyp 
oT 310 go 500° oKasanacb mHHeiHOF 
WH MOMKET ObITh pescTaBseHa copMysiol 


s = 464,5 — 0,080 (¢ — 303°). (1 


KouctaHTbl ypaBHenna (1) paccun: 
TaHbI MeTOJOM HaHMMeHbINMX KBaypaToB 
TIpHyeM HavOoubulee OTKJIOHEHHE 9KCt 
TlepHMCHTAJIbHbIX TOUCK OT TIPAMOH, BbI 
paxkeHHOH ypaBHeHuem (1), coctaBmsael 
BeIMuMHY MeHee 0,2 jMH/cM, T. e. = 
aw 0,05%. ae 


21 XII 1960 


Jloxnagan AKkagqemMuun nayr CCCP 
1961. Tom 138, Ne 2 


®HSHYIECKAA XHMHA 


A. WEJIYIKO u Jl. NIIATHKAHOB 


HMCCJIEROBAHHE TOHKHX CJIOEB BEH3OJIA HA MOBEPXHOCTH 
PTYTH 


(ITpedcmaenexo axademuxom A, H. ®pymxkunorm 3 I 1961) 


_ Meroy uccneqoBaHua JBYCTOpOHHHX (CBOOOAHBIX) MIeHOK C aBTOMaTHYeCKOH 
peructpauveii TOJIMLMHbI MWJICHKH B PYHKWMH BpeMeHH MO3BOH/I HaM B pape 
paOor (*) MomyavTb W380TepMbl PaCKJIHHMBalOllero TaBIeHuA, IpHyem TaKxKe 
MB OONACTH, Te OHO OTPHUAaTeIbHO, NMeHKa HeEYCTOM4UUBAa HM BCECTBMe 9TOTO 
Apyrve cTaTuueckue MeTosp (7,3) He TaloT BOSMOXKHOCTH OMpeseIATh BeMMIHHY 
packKsIMHMBaroMlero AaBseHua. B HacTosmel paOoTe’onmucaHo MpHMeHeHHe 9TO- 
PO MeTOJ\a K HCCIEFOBAHHIO %KHAKUX MJICHOK Ha MOCTOPOHHeli NOAKMAayKe; TAKAM 
o0pa30M, OHA ABIAeTCA MposomKeHuem padorT 
B. B. eparuua uM. M. Kycaxosa (?) uA. H. Opym- 
KuHa (*), B KayecTBe NosKaqKU Obiia BbIOpana PTYTb 
BBHLyY TOMOreHHOCTH ee MoBepxHocTH. Mcnomb30BaH- 
HLI npHOop B IpHHWuNe He OTMMUAeTCA OT MpHOopa 
Id HCCeEfOBaHHA ABYCTOPOHHHX mueHOK (cm. (*); 
Oonee NOApoOHO MeToy onucaH B (°)). [naBHoe} pasn- 
WUe 3a4KJIOUAeTCA B YCTPOHCTBe H3MepHTeIbHOH A4eH- 
KH, MO3BOJIAIOMeH MOyuaTb CMauMBAaIOMve MJICHKH 
KHIKOCTH Ha MWoBepxHocTu ptyTH. Muxkpockonuuec- 
Kad MeHKa C Ha MOBepXHOCTH pTyTH oOpasyeTca 
MYTeM OTCOCa *KUAKOCTH Yepe3 KanHMAp d (puc. 1). 
Bea aueikKa MoMelleHa B 3aKpbITOe IIpOcTpaHcTBO, 
HACbINeHHOe MapaMu uccJeqyemMol wupAKocTH. Tom- 
filHHa TOHKOTO CJIOA U38MepxeTCA uHTepdepomerTpu- 
WeCKH B OTPax%KCHHOM MOHOXPOMATHYECKOM CBETE. 
SpKOCTb OTpaxKeHHOrO cBeTa pervcTpupyetcA Kak 
yHkuua Bpemenu ¢, 4TO faeT BO3MOXKHOCTh CTpOuTE KpHBEIe fh = A (ft) 
(A — TommMHa cosa). CumbHbli dos, OOyCJIOBJIeHHbIM CBeTOM, OTPaxKeHHbIM 
OT NOBEpXHOCTH PTYTH, KOMIeHCHpyeTcaA C MOMOMbIO BTOpOrO POTOYMHOKH- 
TeJIH, OCBelaeMOro OT TOTO *Ke MCTOUHHKAa (PTYTHOM JIaMMbl BbICOKOTO jaBJe- 
HHA), 4TO HeOOXOAMMO AA OCMaOeHHA BAMAHMA KOMeOaHHM CcBeTa ocJes- 
Hero. 

| Vis skcnepumeHTaibHO MOJYYeHHEIX KPMBbIX (POTOTOK — BpeMA Hago, Kak 
mM pauee (1), BLIMHCIHTb KPHBbIe TOMMIMHa WwieHKH — Bpema. B JaHHoM cayaae 
3-34 TOrO, 4TO OTpaxKaTeAbHble CMOCOOHOCTH OOeHX MOBepXHOCTeH pa3JIMYHEI, 
MPHXOAHTCH MOMb3OBaTLCA Oosee CJIOKHLIMH ChopMyJaMH: 


9 27 foh pap ene He Hip A 
sin® ( i sass 4V RG 
DAUR es A) 
(1—VRG) 
| my? Hr Dee, ‘et 2nok (1) 
pris ; SNe rg i 
_ /m—1\? _ (nm) +2 
: = C= GE nye 
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3yech J — MrHoBeHHoe 3HaueHHe spKocTH cBera, orpaxkeuHoro OT TOHKOTO 
COA HUAKOCTH; /max U min — MAKCHMAJIbHOe H MHHMMabHOe 3HaYeHUA STO 
apkocTH; A — Tou\HHa MwIeHKH; A — JJIMHa BOJIHbI MOHOXpOMaTHYeCKOrO CBeTAa; 
No — KOIPPUUNEHT TPeJIOMJI€HHA XKUAKOCTH; Nn WM k — onTHYeCKHe MOCTOAH- 
HBIe pTyTH; 6 — clBur dasbl pH OTPaxeHHU OT PTYTHOM NoBepxHocTu; R — 
KOSPPUUHEHT OTparxKeHHA CBeTa OT TOBepXHOCTH *MAKOCTH U G — Kospdbu- 
IMeHT OTPaxKeHHA CBeTa OT HHKHEM MOBEPXHOCTH IVJICHKH Ha rpaHulle C pTYTbIO. 
Benmuuny cipura cbasbl 6 MOXKHO BHIMUCMUTh, UCHONb3SyA JIMTepaTypHble aH- 
HbI€ OTHOCHTCJIBHO Mo, 2 HW k WIM Ke NoMb3yACb 3HaveHHeM / mpHA, CTpeMALeM- 
Ca K HYJNO IPH MpOyBaHHu AueHKH BO3sy- 
xom. Ilo copnayenuto 060HX 3HaYeHHH MOKHO 
1500 IIPOBepHTb, HACKOJIbKO HOBePpXHOCTb pTYTH 
MO, HccwIelyeMOH %XKHAKOCThIO COxpaHHwacb 
HeH3MeHHOH H, CJI@OBaTeJIbHO, HACKOJIbKO 
700 HaexKHO MOXKHO BEIYHCIATb 3HAYeHHA TOJ- 
ILMHBbI 10 APKOCTH OTpaxeHHoro cBeTa. Hamu 
; ObIIH B 9TOM OTHOWWeCHHH MHCIbITaHbI STHIIO- 
Reon BbIH MH IpOMHJIOBbIM CIIMpTbI, PIHWepHu, aHH- 
. JIMH, KCHJION, TOMyON, OeH301 HM BOLHBIM’ 
pactBop KNOs (0,1 moab/a). K comanenuto, 
BO BCeX CJly¥aAix, KpomMe OeH30/Ia, MOBepx-| 
yi) 75  %$HOCTb PTYTH OKa3aIaCb MOKPbITOH cw0eM, 
H3MCHAIOWIMM ee OTpaxKaTeIbHy!IO cmocob- 
Puc. 2 HocTb. MoxeT 6biTb, 3TO ObWIO BbISBaHO B He- 
KOTOPHIX CJYYaAX 3arpASHCHHAMH XKUIKOCTeH 
HJM xe TEM, YTO paboTa MPOBOAMMACh HA BOSAYXe. C OeH30JIOM yAaoch MONy™ 
YMTb TOHOe COBMayeHHe 3HaueHHH O, Hal J@HHBIX OOOHMH ciocobamu, a TaKKe 
OUeHb XOPOLLy!0 BOCHPOH3BOLMMOCTb H3MepeHHM, NOSTOMY BCe ONMCaHHbIe HUKe 
W3MepeHHs ObWIM MpOBeeHbl C OeH3OJIOM. 
Kpuspie (poroToK — BpeMA CHHMAJIMCb Moce MomHoro HACBIeHHA H3Me= 
PUTeIbHOH AYeHKM NapaMu OeH3oua (pH HaCbIMLeHHM CpeHAA CKOPOCTb YTOH=! 
YeHHA TWCHKM MMHUMadbHa). M3 sTHx JaHHEIx 110 dopmyse (1) BHrmucianacn: 


TOJMLMHA IIeHKM A [IA pasJIM4HbIX MOMCHTOB BpemeuH. Ha puc. 2 mpencranmeHal 
1 
ee = f(t —t)), rme ho — suavenH@ 


TOJULMHEI W€HKH B MOMeHT fy -- paBHasioch 1960 A. IIpu stom OpinM ucnouD- 

30BaHbI Cyleqyroule 3HayeHHA BeMMUHH: A = 4358 A, ny = 1,5235, n = 0 878, 
k = 3,36 (mocneqHuve fBa 3HaYeHHA B3ATHI H3 (°)), 

Jina BbISMCNeHHA pacKkmMHuBalomlero faBenua Il us sasncnscet 

d (A/h8) 

di = 

oT odmero papnenun P—=P,—TII, BpisbiBalomero yToH¥eHHe mieHKM, a. 

TakKKe KanvapHoe JaBsenue Py. Mcnonb3s0opanHaA HaMM JIA ByCTOpOH- 

HAX TvieHoK (“) 3aBHcHMocTb PetHojpyzca a 


o0™ 
- 


HalieHHaa TAKHM ITYTCM 3€BHCHMOCTb 


il 
Ce rs a f(t — to) HeoOXoAHMO 3HaTb TeOpeTHYeCKy!0 3aBHCHMOCTb 
0 


d(i/h*) __ ore. ; 
<a = GPRTG= aR (2) 


7 
, 


(Y— BASKOCTb *KuAKOcTH, R—pasuyc AMcKOOOpasHOH IVIeHKH, CM. PHC. 1), 
B JAHHOM CJlyuae HelpHMeHHMa, Tak KakK Ha rpaHuue Gex30m1/B03nyx He 
oOpasyetca cTallwOHapHOrO TrpafMeHTa MOBepXHOCTHOTO HaTA%KeHHA, OOecTIe- 
YHBAIOWerO HYJIEBYIO CKOPOCTb TAHTeHUHaJIbHOrO TeYeHHA B ay{co pOLMOHHOM 
coe (OeH301 Ip NOMbITKe OOpa3s0BaTb U3 Hero JBYCTOPOHHIOW TeHHYIO” 
IWICHKY, Kak ObIuIO yCTaHOBJeHO HaMH C Sten qaer peerya MI HOBeH= 

d (1/h*) 
a 
yas, KOra CKOPOCTb TeveHHA Ha OJHOM MOBepxXHOCTH cIOM (OeH30N/pTyTb) 
paBHa Hyi0, a Ha Apyrou (6en30u/Napbl Oens0a) BbINOJHAeTCA rpaHHyHoe 


416 ; j 


HbIM mpoppis). [lostomy Mbl paccyHTasIM 3aBHCHMOCTb ot P ans e 


| i ; ov 
yclopve, [cooTBetcTByrolllee CBOOOAHOM OBepxHocTH, MMeHHO (S-), =0 
Ur — pafWalbHaA CKOPOCTb TeYCHHA, OCb Z MepneHANKyAApHa K TOBepx- 
HOCTH), 10 cioco6y, HcHob30BaHHOMY JA ABYCTOPOHHUX MeHoK (8). B pe- 
8yJIbTaTe MOJyuHacb 3aBHCHMOCTb, aHaJlorMuHan (2), HO CO 3Ha¥eHHeM 
1 oappulventa nepex P B 4 pa3a 6OnbUIuM: 


Te) = 4aP. (3) 


uJ 

; d(Ajh2) 
4 nh 
! 

: 

_ KanusnspHoe faBmenne P, BbuHcaANOCcb 0 dopMyse, BHIBe,eHHOT 
. B. Jleparvupm u A. E. Turnescxon (°), koropyro MbI o6ocHoBamu JoNON- 
HUTeIBHO (°), HMe€HHO 

\ 4s Go 

Y Py, = + (4) 


t} Uri, 4263” 


: 
Tae 6; MW 6g—TOBePXHOCTHbie HaTAKeHHA Ha YTpaHHile OeHs0s/Napbl u 
PTyTb/OeHs01 Hu f—payuyc TpyOKH C 'ABOAKOBOrHYTOH Kalle OeHsoa Ha 
pryT4, B WeHTpe KOTOPpOH OOpa3syetca msieHKa (puc. 1). [lyrem rpaduyecKkoro 


AuppepeHuMpopaHusA us 3aBUCHMOCTH ~~ 


eer [(¢—o) Opwia monyuena 
d (1/h*) ; 
at 


Z 


SaBHCHMOCTb = @(h) uw 43 Hee Cc TomMoulbiIo dopmys (3) u (4) Ona 


BLIUHCJIeHa H30TepMa pacKksMHHBaIOWero faBNeHua IL—II(A) (puc. 3) ana 
CoA OeH3souIa Ha pTyTH. M30Tepma 3aKaHUMBaeTCA PaBHOBeCHOHM TOMMMHOM 
Mienku hp = 240A, xorma T=Py. Stu. sna- :- 

yeHHuA Ap, BOCIIPOH3BOLHIHCb C TOUHOCTbIO 
230A. 3nauenus TomMMHbI, CooTBeTCTBYIOIINe 
MaKCHM@JIbHOMY OTPHIaTeJIbHOMY paCcKJIMHUBa- 
TOUleMy JaBJIeHHIO, H 9TO PaCKAMHUBArOUIee 1aB- 
gleHue, UMeHHO Ain = 340 A n— min = 11500, 
BOCHPOH3BOAMIINCh elle Wyue (Amin C TOWHO- 
erpio zo £10 A). HenafexkHa B STON H30TepMe 
YacTb, COOTBETCTBYIONAA TMOJIOXKUTeCJIbHbIM pac- 
KJIMHMBaIOMHM BaseHHAM Ip Oooh ToOU- 
Mune mieHok (kh >10° cm), Tak Kak 3Ha- 
MCHHA 2TUX aBJeCHHM MaJibl HU ONH3KH K OUIHO- 
Kam u3MepeHui. Teopna HW. E. [3anouimuckoro, Bue 

E. M. Jlacdumma u JI. I]. Muraepexoro (°) ana 

emyuand HeMeTaM4YeCKOH %KHAKOCTH Ha Me- 

TaNJMYeCKOH NOAKNayke Mpu OoOMbWIMX TONMMMHaX, Kak 9TO JerKOo MO,- 
CUMTATb, JaeT BCerya TMOJORKUTeENbHOe PaCKJIMHMBAIOMee JaBsIeHve UH, Ta- 
KYM OOpa30M, MOTBeEpRKMaeT HAM Pe3yJbTATbI ANA 9TOH OONacTH ToOU- 
muH. B Apyrom mpefembHOM culyuae TOHKUX CMOeCB 92TA TeEOPHA fa Heme- 
TaNJH4YeCKOU MKUAKOCTH Ha MeTaJIe JaeT TaK%Ke TOJOKUTeIbHIE 3HAYeHHA 
PpaCKJIMHUBalOMero AaBeHuA. TakHM OOpa3oM, TOJIyYYeHHbIM Hamu 9KcriepH- 
IMCHTaJIbHO YUACTOK H3OTEPMbI PaCKJIMHMBAaIOWero MaBJIeHHA [IA con OeH- 
3ojla Ha PTYTH corsiacyeTcH KavecTBeHHO C TeOpHeli B OONAaCTH MaJIbIxX H 
Oombuux TOWIHH. [napHad wacTb HalluX pe3yJIbTATOB, OXBAaTHIBAaIONaA 3Ha- 
MHTCbHBIE OTPHIATeJIbHbIe PaCKIHHUBAaIOWWe aBJICHHA, MO-BHAMMOMY, COOT- 
BeTCTByeT TlepexofHONM OONacTH MeXxKAY MpefebHO TOJICTHIMH HU MpeyesbHO 
TOHKHMH CNOAMH MW B HacTOsIee BpeMA He MOKeT ObITh COMOcTaBIeHa C Te- 
OpHeH, Tak KaK NOCJIeCMHAA COfepxKUT HeH3BecTHbIe *PyHKMHH -é (&). 

Hamu O6bliw mpoBeseHbI TakKxKe KayeCTBCHHBI€ HaOJIOMeHHA Hal, WwIeHKaMu 
Ipyrux *KupKocTeli Ha pTyTH. Bo Bcex cayyaax (sTHOBEI uM npomHuoBbtTit 
SMMpTH, TIHUCPHH, AHHH, KCHJION, TOYO HU OeHSON), KPOMe BOI, NIeHKH 
MOHOTOHHO yTOHYAaJIMCcb mMocie HX OOpa3s0BaHHA lO JOCTHKeHHA paBHOBecHOoH 
POJMLHHbI, KOTOPylO, 10 MpH4uMHaM OTMeYEHHEIM BbILIe, HAM He yalOcb H3Me- 
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003 ‘ 006 009 


{ 


! 


putTb. B naenKax 43 BoyHOro pactBopa KNOs (0,1 Moumpb/a) npu onpexenenHon 
TOJIMIHHE BOSHHKaJIM BHE3aMIHO KPyIvIble “[bIPKH», paspacTaloulveca c pa3ssHy- 
HOH HM HeBOCIPOH3BOLMMOM CKOpoOcTbiO. OTO ABJIeHHe, mpelcTaBssmionlee, m0- 
BHAMMOMY, SJIeEMCHTapHbI aKT (plOTaHOHHOTO MpHMNaHHa, BBM ero BaxK- 
HOCTH, HccyleqyeTCA HaMH CilelMabHO. 


VWucrutyT du3snveckoH XHMHH Tlocrynuso 
Bonrapcxow AKkajlemuu HayK 21 XII 1960 


UMTHPOBAHHAA JIUTEPATYPA 


1A. Wlenygxko, JAH, 128, 1074 (1958); A. Scheludko, D. Exerowa;jj 
Koll. Zs., 165, 148 (1959); 168, 24 (1960); A. Ilenynarxo u Jl. Exceposa, JAH, 
127, 149 (1959); W3p. Xum. nuct. Bonrapcx. Axay. nayx, 7, 116 (1959); 7, 105 (1959). 
25. B. LHeparuu, M. M. Kycaxos, Ws3s. AH CCCP, cep. xum., 5, 1119 (1937). 
*b. B. Leparuu, As, E: Dutues crag, (Kom. oxypa., ‘15, 416 (1953) 
4A.H. ®pymxkunx, KKOX, 12, 337 (1938). >A. Scheludko, DD. Plait ikag 
noff, Koll. Zs., (B meyatu). & E. Lan ge, Zs. Physik, 94, 650 (1935). tA. tS chtes 
ludko, Koll. Zs., 155, 39 (1957)s ees (enya Ko, ee Tlecumu pos, K. Hu- 
KO20B, Exkerogu. Copuiicx. yHus., 1954/55, 49, ku. 2, 1956, crp. 129. ® H.E. 321 0-| 
muHCKHH, E. M. ugdumun, yest Tluraescexn i, YKSTO®, 37, 229 (1959). 


418 


q ; Jloxnann AkazemMmun nayx CCCP 
1961. Tom 138, Ne 2 


PEOJOrH A 


B. A. BOBPOB 


HOBDBIE JAHHbIE O HYDKHEJEBOHCKUX OTJIOQKKEHUAX 
BOCTOUHOM MOHTOJINK 


(IT pedcmaeaeno axademuxom J. B. Haauexunoim 12 I 1961) 


IlaneoHTonorMuecKH OXapaKTepH30BaHHble OTMOMKEHHA JCBOHCKOM CHCTeMbI 
B Bocrounot Monro“ wMeIoT JOBObHO OrpaHuueHHoe pasBUuTHe, XOTA HU 
TIpefCTaBJIeHbl BCeMM TpemMaA oTpesamu (1% °). Tlopoqbl HuKHero DZeBOHa JO 
_HeflaBHero BpeMeHH Ob H3BECTHHI JIHUIb B KpalHelt BOCTOUHOM uacTH Hyxyr- 
WaOaHcKoro aHTHKJIMHOpHA, HMeHyeMOH HepesKo ‘B AHTepaType TamilakcKyM 
BEICTYNOM. 3jeCb OHH BHepBble Ob BbIABJeHbI B. C. Conoppesnim u H. YL. Ppa- 
2KAaHUeBLIM, ONHCABLIMMH HX B Ka¥eCTBe HepaCUJICHCHHOM TOMA JeBOHAa — 
KapOoHa. OfHako M3yyeHHe (ayHbl, coOpaHHoH MMH B IpaBoGepexKHOl uacTH 
_p. Hymypruu-lou (neporo mputoka Xamxuy-loa), m0Ka3a0, TO yKa3aHHble 
OTJIOKEHHA ABJIAIOTCA HOKHENeCBOHCKUMH. 

Ilo 2aHHEIM YNOMAHYTHIX reoOroB, B COCTaBe pacCMaTPHBaeMbIX OTIOMKeHHH 
npeoOsmayqaeT TeppvreHHbI KoMMeKc nopox. B cBoel OcHOBe 9TO Cepuu mepe- 
CaMBaOUHXCA Me*KLy coOohH Mayek CUJJIHTOB, (PUJJIMTOBHHbIX, PIMHHCTHIX 
M MeCUaHO-IVIMHHCTHIX CMAHIeB, APKOZOBbIX H MOJIMMMKTOBbIX pa3HO3epHHCTHIX 
MleCuaHHKOB MoIHOdTD1O oT 10 yo 70—80 m. K cpeqHeli uacTu paspe3a mpuypo- 
YeHbI JIMH3OBHHbIC TOPH3OHTbI H3BECTHAKOB, MOMIHOCTb KOTOPbIX JOCTHraeT 
50—70 m. Kpome Toro, u3peqka BcTpeyaiotca 5—10-merpoBbie mpocsou cBeTs0- 
cepbIX KBapulHToB. Camble HH3bI TOMI OCTaHcbh HeH3y4eHHbIMH. OOmlaa 
MOMLHOCTb paspe3a OPpHeHTHpoBouHO oWeHHBaetca B 1000 mM. Tlopogn caarator 
KPYTble M@JIKHe CKJIaKH CeBepO-BOCTOUHOrO H CeBepo-3allayHoro HalpaBJeHHH. 

CojepxKalllasica B H3BeCTHAKAX B OOJIbINOM KONIMYUeCTBe cbayHa MpescTaBueHa 
MOUTH HCKJIOUNTeEIbHO Opaxuonogamu. B elMHHUHBIX 9K3EMNVIApAaX BCTpeualoTca 
TPHJOOHTHI, MUIaHKH, KpHHougzeu. M3 Opaxuonog JI. H. Kpaescxoi onpesesenbi 
Schuchertella woolworthana Hall, Sch. altaica Khalf., Stropheodonta (Lepto- 
strophia) beckii Hall., St. (Leptostrophia) explanata var. karkraica N. Tschern., 
Brachyprion speranskii Khali., B. sp., Leptaena bouei Barr., L. sp., Spiri- 
fer ex gr. arenosus (Conr.), Sp. cf. perlamellosus Hall., Chonetes bistriata 
_ Khali., Levenea sp., Dalmanella sp., Strophomena sp., Schizophoria striatula 
Schloth. u gap. M3 tpuao6utoB ycraHopsenpt Phacops subcristata Khallf., 
'u P. cf. subcristata Khalf., u3 mutanox — Fenestellidae. 

IIpuBeqeHHbI KOMIVIeKC (bayHbl ABJAeTCA OObIUHbIM JIA HMKHeErO JleBOHA 
TopHoro Antaax u SanayqHon Mouxrouun (', *), uactb dopM BcTpeyaeTca B CeBe- 
pOaMepHKaHCKOM HHXKHeEM JeBOHe. 

SHadHTeIbHO OOMbIIMH HHTepec NpesCTaBMAIOT HHKHEJCBOHCKHE OTJIOKEHUA, 
BbIABJIGHHbIe B CeBepHOH uacTH Boctounoi Moxnromuu B npesemax Opsnfa- 
OaHCKOH 30HbI rIyOMHHBIX pa3JIoMoB (pation r. bawb3uT B MecTe KOJIeHUAaTOTO 
usrnOa p. Wycpiiu-[om npaporo mpuTroka Oxona). Ilepppie HaxogKu dayHbl 
syecb chemaHbt B 1956 r. B. ®. Huxonaespim. B Tom xe roxy HaMH Obl CO- 
CTaBJICH JeTaIbHbIM pa3spe3 YKa3aHHbIX OTJIOMKeHHH, MpOHSBeeH MOCJOMHbIM 
cOop cbayHucTH4eCKHX OCTATKOB HM H3Y4eHbI CTPYKTYPHble COOTHOMICHUA HAKHETO 
JleBoHa C MOMCTUNAIONIHMU TONMaMH. PesymbTaTHI STHX HaOsIOMeHHH u nyOUH- 
KYIOTCA B HAaCTOAIMNeH cTaTbe. 
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OrToxKeHUA HIOKHETO JeBOHA B palione r. Bansp3suT coOpaHbl B OTHOCHTEIbHO 
MIpocTHle KpyTomayaiulve CKaqKH OOMeEro CeBepoO-BOCTOUHOTO MpocTupaHHs. 
Cnaraad 10ro-BOCTOUHOe KPbIIO KPYNHOH TOpCT-aHTHKJIMHAIH, OHM sasleraioT C 
peSKHM YIVJIOBbIM H a3MMYTAJIbHBIM HeCOrlacHeM Ha Ooslee CIOHKHO AMcTOWMpoO- 
BaHHOM HM MeTaMOpd@H30BaHHOM KOMIJIe€Kce TeppHreHHO-KapOOHaTHbIX MOpos. 
B coctape mocuiequero UJIMTbI, CepHUHTO-XJIOPHTOBbIe TeCuaHO-rIMHUCTHIe H 
CJHOJHCTHIC CJIAHItbl, MpAaMOPpH30BaHHble H3BeCTHAKH. YKa3aHHble COOTHOILe- 
HHA HMDKHETO JeBOHA C NOACTHMAIOUNLMMH NOpOkaMM OTYCTIUBO CBUCTEJECTBYIOT, 
HO HallleMy MHeHHIO, O KpyNHolt NepecTpolike CTpyKTYyp, CBASAHHOM C MpeHMK- 
HEJCBOHCKOM CKIaq¥aTOCTbIO, CBEACHHA O KOTOPOM B uTepaType no BoctouHor 
Mouromuu OTCYTCTBYIOT. 

HkHeeBoHCKHe OTJIOKeHHA B pacemarpuBaemom paloue npecTaBseHE! B 
OCHOBHOM TeppHreHHbIMH oOcayKaMH. OTJHYHTeIbHOM OCOOeHHOCTHIO MocJep- 
HUX ABJIACTCH CPABHUTEbHO OrpaHHueHHbI HaOop daw. Oto npeumMyiecTBeH- 
HO C(bOpMMpoBaBLIHecH B Me€JIKOBOAHBIX HM MpHOpexKHO-MOPCKHX yCJIOBHAX 
PasHOSepHUCTHIe WeCuaHHKH H aAJIeBPOJIMTbI C PeKHMHM MAJIOMOLLHBIMH Iipo- | 
CIOAMH apruiJIHTOB MH rpaBewHToB. B BepxaxX TOJIH OTMe¥aIOTCA TOPH3OHTHI 
abdy3uBoB u TydpuTos. OOmMA XapakTep OKpacKH NMOpox *XeJITOBAaTO-cepbIM, 
2KEJITOBATO-3eJICHOBATO-€ep EI. 

Paspe3 HauMHaeTCaA TOPH3OHTOM OasasIbHbIX paSHOraJleqHbIXx KOHTVIOMepaToB, 
cofepxKalluxX MpOcsOH HU JHH3bI TpyOosepHUCTHIX MeCuaHHKOB HM MesIKOOOO- 
MOUHBIX OpekuHi. B cocTaBe rabKH KBapPWMTbI, AUIMbI, PUJVIMTEI, CepHHTO- 
XJIOPHTOBbIC TJIMHHCTbIC MW MeCUaHO-rJIMHUCTHIe CaHUbl, MpaMOpHsOBaHHble 
W3BeCTHAKH, KBapll. M3 adpy3HBOB MpUCyTCTBYIOT NOpdupbl, KBaplleBbIe Nop- 
(bUpbI, pexe nopdupuTE!. [ambka MATPy3HBHBIX MOpos He BcTpeyena. MonHocTs 
KoHrviomepaToB 140—150 m. 

Bpille, C NepepbIBOM B WeHTPaJIbHOM YaCTH paspe3sa, MpHXOAAMUMCcA Ha 
jonuny p. Ulycpiin-[on, 3aneraer cayHucTHuecKH He OxXapakTepH30BaHHbIt 
TOPH30HT paSHO3ePHHCTHIX APKOSOBLIX, MOJIMMMKTOBBIX, pexKe KBapleBbIxX Te- 
CUAHHKOB, COJepKalllHX MAJIOMOLIHbIe Mpocson aseBpomHToB. MowHoctTh ropu- 
30HTa nopayKa 550--600 m. Cneqyroniad 4acTb paspesa mpoclexUBaeTCA MOUTH 
6e3 mepepbipa. Ona MpescTaBeHa JOBOJIbHO YACTLIM TlepeCJIaHBaHHeM B IeIOM 
MeHee TpyOOSepHHCTHIX, 4YEM B MpeMbiyulem TopH30HTe, MecuaHHKOB MOJH- 
MMKTOBOFO HM apKO30BOro CocTaBa C MpocJOAMH asleBpomuToB. Uncno u MorI- 
HOCTb IIOCJIGEMHUX 3AMeTHO BO3pacTaeT CHU3y BBepx. K yKa3aHHOH uacTH pas- 
pesa moutHoctp1o 850—900 m npuypoueno 13 cayHucTHuecKHX TOpH30HTOB, 
Oomee WIM MeHee paBHOMepHO pa3MeUIeCHHbIX NO BepTHKaJIH. 

SakaHuMBaeTca paspes adpdby3HBHO-ocaqouHOH cepHeli NOpO MOMMLHOCTHIO 
340—360 m. B ocHoBaHHu 93TOH cepuM 3auieraeT 50-MeTpOBLIM NOKPOB CTaJIbHO- 
CepbIX MUHJaieKaMeHHbIX JHaOa30BbLIX NopdupuTos. Baie nocmequHero, pur- 
MHUHO YepeyAch, CeLyIOT MaYKH MepecianBaHWA NeCdaHUKOB HM aJIeBPOJIHTOB 
MOL{HOCTHIO 70—80 M C TOpH3OHTAMM TOHKOMOJIOCUAaTHIX MaI€BO-CepbIX H 3evle- 
HOBATO-CepbIX TY@UTOB H BUTPOKsacTHYeCKUX TYPOB KuCcorO cocTaBa. Momi- 
HOCTb mlocwieqHHx 45—80 m. B mecuaHnkax, aJleBpouMTax HW BepXHHX 4acTAX 
TYOBLIX TOPH3OHTOB JaHHOl Cepuu BcTpeyeHO 12 c0eB c OONMbHOM U pasHoO6- 
pasHonw dayHoH. Oma MONIHOCTh ONMCaHHOrO nespege coctaBunet 1900— 
2000 M, HO HaM OHa KaxKeTcH HeMOJHOH. 

Bouiian KoeKiHA coOpaHHon dayHbl MpeycTaBmena B OCHOBHOM Opa- 
XHONOJaMH, KOTOPbIM B KOJIMYeECTBEHHOM OTHOIMCHHH NOJYMHEHHI MeJelMNOsbI, 
KOPaJJIbl, MUIAHKH, KpHHOWeH, TpHOOHTEI MU racTponognl*. 

Ilo qanupm JI. H. Kpaepcxou, Opaxnonoyb mpezcraBsentt Cyrtina rost- 
rata (Hall), Isorthis trigeri Vern., Levenea taeniolata Khalf., Atrypa cf. 
lorana Fuchs., Camarotoechia aff. ‘oriskania Rowe, C. mongolica sp. nov., 
Brachyprion nalivkini Khalf., B. latus Khalf., Leptodontella planuscula 
Khalf., Leptaena bouei Barr., Schizophoris striatula Schloth., Schuchertella 


* OcHOBHEIe onpexemuTenbckue paOoTb! Obl BbImomHeHbI JI. H. Kpaesckoii; mmanku, 
KOpaJWIbI HM YaCTHYHO TpHTCOuTH usyyanucb B. J. Uexopuy, 3. A. Maxcumosoii u gp. 
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Q) bailsita sp. nov. M3 neneuunogx onpenenenpt Tolmaia squamosa Khalf 
u Leiopecten cf. rectangularis Khalf., 13 tTpumo6uTos Phacops ex gr. altaicus 
Tschern., “3 racrponoy Macrocheilus (?) Phill. 

Tlepeuucsenuiti KomMeKc opM JOcTaTOuHO XapakTepeH Jin HMWxKHEFO 
jiesona. Ananormunaa dayHa u3BecTHa M3 KOO/eHWa WeHTpasbHOH uactu Top- 
Horo Anrtas (*,4,°), HeKOTOpbIe BUILI THMHYHDI It OMHOBO3PaCTHHIX OTJIOxKe- 
Hu SanazHoro Tlamupa, Monrompexoro Antax u LlentpaibHow Monxroamnu 
(1, *). Kak u qua pationa p. Hymyprun-lou, pay, onucaHHblx cbopM roBopuiT oO 
CBAZH C HWKHELeEBOHCKON cbayHouw CeBepHon AmepuKu u SanafqHon Exsponpt (*). 
Heckouibko cBoeoOpasHblii OO6IHK M3yueHHOH cayHbl OOpaAcHAeTCA *ballHaJIbHbIM 
xXapakTepOM BMellalollHx ee Mopoy — MecuaHHKOBble, pexKe aJIeBPOJIHTOBbIe 
qpauuu. BeposTHo, 3THM xKe OOyCJIOBIeHO H HeKOTOPOe e€ OTIM4HE OT MpHBe- 
JleHHOrO BBbIille HYMYprHHCKOrO KomMleKca. 

Pe3ybTaTbl W3YYCHHA BTOPOM waCTH KOJIJIEKIWMH OKa3aIMCb MeHee HHTEe- 

pecupimu. B. JI. Uexopuy, onpefenaBiiad KopasiIbl, pula K BbIBOLY, 4TO 
NOcIeMHHe UMECIOT WIHPOKOe BepTHKaJIbHOe pacMpocTpaHeHve HU He MOFyT jla- 
THPOBATb BOSPaCcT BMEIAaIOWuX HX Mopox. MimanKku u3-3a MIOXOH COXpaHHo- 
CTH BooOuIe He ODM Usy4eHbI. Bosee KOHKpeTHbIe JaHHble IpUBOLAT 3. A. Max- 
<uMosa, ONHcaBilad H3 TpHmo6uToB Calymene ex gr. blumenbachii Brogn. 
wu Phacops sp. Yka3anuble tbopMbl, 10 e€ MHCHHIO, paclipocTpaHeHbl B CHype U 
HIOKHEM JeBOHE, HO HHOTa BCTpeualoTcaA HM B HH3aX diidera. Mx HanOouee 
BePpOATHBIN BOSpacT: BepXH CHJIypa — HWKHHH JeBoH. 
_ Takum o6pasom, NpHBeeHHble JaHHble, H B TepByi0 OVepelb ONpeleeHHA 
Jl. H. Kpaesckot, mo3BouaioT ¢ JOCTATOUHbIM OCHOBaHHeM OTHOCHTb OMHCaH- 
Hble BbIe OTMOXKeCHHA K HWKHEMY JEBOHY HW MapaesH30BaTb MX To dayHe c 
alabHO CXOLHbIMH HWKHEJCBOHLKHMH OTIOKeHHAMH IlentpambHok u 3a- 
TayHOH Monroy. 


TeonoropaspeyqouHoe ynpaBlleHie pH Copere Munuctpos Tlocrynuno 
_Mourompexon Hapoguon PecnyomuKu 9 1 1961 
Beecor3Hblli Hay4HO-HCCIeoBaTeNbCKHM YTeoulOrHuecKHH MHCTHTYT 
MuunctepeTBa Teomoruv WM OxpaHbl Heap 


UMTHPOBAHHAH JIMTEPATYPA 


: 1B.T. Bacuabes, B.C. Bonxouun 4 gp., Teomornyeckoe crpoenne Mon- 
TobcKoH Hapoguon Pecny6u1ukH, M:, 1959. * A.B. Tuuuuurep, Martep. mo reonoruu 
San. Cu6upu, cOopH. Ne 61,1958. % A. X. Hpauos, Cos. reon., cOopy. Ne 4, 1959. 
Jl. H. Kpaesexaas, ’ Matep. mo reojorHH San. . Cu6upn, cOopH. Ne 61, 1958. 
5H. A. Mapuuos, Crpaturpausa MouroapeKon Hapoguoii Pecnyonuku, Haq. AH CCG@P, 
mo/. (7B. Il. Hexopoumes, Teonorua Antaa, M., 1958. 7 II. TI. Cu3osa, Tp. 
Mouron. Kom. AH CCCP, 6, Ne 15 (1935). 
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Jloxnzagmn AkagqemMun nayr CCCP 
1961. Tom 138, Ns 2 


PEOJOTHA 


A. B. BHCTEJIMYC u A. A. KPbIJIOB 


OB ABCOJIFOTHOM BO3PACTE OBJIOMOUHOH YACTH 
MECUAHO-AJIEBPHTOBbIX OTJIOWKEHMM FOrO-3ATANA 
CPEJHEN A3HH 


(ITpedcmaeaeno axademuxom JI. B. Haauekunoim 12 I 1961) 


Ileibio HacTOAeH paOoTbl aABIAeTCA ONpeseneHve aOcouOTHOTO BospacTa 
OO6JOMOUHOrO MaTepHala, Claraiomjero MecuaHO-aJIeBPHTOBbIe TOM MexKLy 
KacnvicKuM MopeM Ha sanaye, orporamu Ilamupa u Anaa Ha BocTOKe, peKamu 
Amy-Jlapba 4 SepapulaH Ha CeBepe H rocyapcTBeHHOH rpaHuieh CCCP ua tore. 
HakonuieHve MooOHOro MaTepHasla MOSBOMMT BbIACHUTh 3HaYeHHe pa3JIM4HEIX 
UMKJIOB BYJIKAHHYeCKOH JeCATeJIbHOCTH M COOTBETCTBYIOMIHX TeEKTOHHYCCKHX 
JIBYxKeHHH B COpMMpoBaHHA OGNOMOUHOrO Mama Seman. JleTambHaa HHTep- 


o AmaH-6ynak 


Be 
© Tanensiun ia 
CamapkaHa® 


m5 B.Banxau 
meee 


M. Banxatt ~, 
Hamoiwsbi oN, 
Xp Canry- ae 


Puc. 1. Cxema pacnoulomeHHA HcCeqOBaHHbIX paspe30B.. TOuKaMH OTMe - 

YCHbI MYHKTHI, O3 KOTOPLIX OTOOPaHbI OOpasiibl; MYHKTHpOM TOKasaHO 

TOJO*KeHHe TpPaHHLbl Mey SMHrepUHHCKOM MaTPOpMOl HM 3OHOM MHTeH- 
CHBHOrO IporHOaHHA 


MpeTaiuA MOAOOHOrO pola LaHHbIX, MPHBASAHHBIX K OlNpeseeHHbIM CTpaTHrpa- 
(pPHUeCCKHM €JLMHHLAM, MOMKET TaK2%Ke NOMOYb PelIeHHIO 3afau, CBA3AHHBbIX C 
NOWCKaMHM MCTOYHHKOB OGJOMONHOFO MaTepHasla, Ha YTO aBTOpaMH y2xxKe OOpa- 
Walocb BHHMaHHe pauee (?, 4, °,). 

Matepuan Aid HacTosuen " pa6orsi Obl co6paH B OCHOBHOM B MepHvoy c 
1956 no 1958 rr., uacTH4uHo ObIM HCTOMb3O0BaHbI Oomee cTapbie COophl, YaCTHUHO 
*Ke OOpa3ibl no_Oupasuce BHOTh Wo 1960 r. OGpazen v3 yulenbA p. Dupr1osbl 
6p nowyuen or Il. WU. Kanyruua; mo6esHoctb B. B. Cemenosnua nomorsa 
WOcTaTb OOpasel, KepHa W3 CKBaxKHHBI OM3 cen. Taxta. 

UccieqosanHad TeppHTOpuA COKeHa B OCHOBHOM IOPCKHMH, MeJIOBbIMH, 
TPCTHYHbIMH HW COBPeCMCHHbIMM OTJIOMKCHHAMH, TipefCTaBJICHHbIMH TeCKaMH, 
aJleBpMTaMH H ruiMHaMH. B TeKTOHHYeCKOM OTHOWICHHM BCA TeEPpHTOPHA eMHTCH 
Ha OOacTb SakacnMlickol SNMrepUMHCKOH mIaT*OpMbl HW OONACTh TeOCHHKAH- 
HaJibHOro mporHOa c MpMMbIKalollel K HeEMy NpesropHow enpeccwel, rTpaHHubl 
Mey KOTOPbIMH MOKa3aHbEI Ha puc. |. Ilerporpaduyeckan xapakTepucTHKa 
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ICCIEMOBAHHBIX IOPCKHX OTOKeHHH cosepxKuTca B (°), MeOBIX B (1) H Tpe- 
MUHBIX KPaCHOUBeTHBIX, B mpesentax n-o. Uenexen, B (*). Munepanornyeckan 
AapaKkTepHCTHKa TAKEO YaCTH COBPeCMCHHEIX MeECKOB H3 aJIIOBAA pp. Mypra6a, 
‘emokena uM Atpeka jlaHa B Ta6u. 1. 

Bce ucceqoBaHHble oOpa3iibl MO XapakTepy MpesBapNTebHOM MOJTOTOBKH 
eaTCA Ha Be rpynnpl. Ileppyio rpynny, mpoOnl KoTOpo MbI OyZeM ycJIOBHO 
la3bIBaTh «OOpaOOTaHHbIMH OOpasilaMH», COCTABJIAIOT PpakUHH MOpos, OCTAaB- 
aMecad Mocsle ylasleHHaA H3 HHX OTMYSHBaHHeM TVJIMHHCTHIX “ACTH, ylaieHua 


Ta6auna 1 


Cojfepanuve rlaBHbIX MMHepasoB (B MpoleHTax) B WVIMXaX COBPeMeHHOPO aJVIIOBHA peK 
Mypra6, TemxxeH u Aptex 
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. Mypra6é 
Taxta-6a3ap OS On Smee Ol MOO cSeyalmon Onl Olan Gulla 9) Ie 2a Ord! 
JOS adele ORG | MOnon tame place Aos enon en nde Onde peas 
Vimam-6a6a OE, el) Sb) uss aA ON ah) Gass hi heya NS) |) bara leat syeteyl PO) att 
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y. Temeweu 
Ilyn u Xatym Go) 2a |) OPN OE | aTBi le Ooh) Was alfa Sine) | Loy uli MB )eteyd GRA 
OD -d on Ould a SOR2n | OGRE) Geena ool eos 4ulnOvonl Oban! d 
Cepaxkc DO OMOsE Ne OnOiep seal lOO sO) 4\ ede Oh Sinai uals falmOso))|) Oz 
O9G-aae, O11. 9 12) 25.01 4.015p.3-|, 4,0) 14,38) 3,01. 0,3), 0,4 
- TeaKeu 8 |\ ABsGH| Bay all | De PN h O AEs einel il Pll eel) Oe) joes! 
Dome Otel O aa t9eo GOT One! 15,0) 12,91°8,3) p.3.| 0,4 
» AptTexk 
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320 2A 12,3) 19 anole pasate, S| 0,3.) 105314035) 3, 11)/23),0 
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317 Deseo Orman Olheos 7 moron Ohe2an4 i Ondaiwo..0 lat 
316 Ds i191 O17) 657 | 5,01 2,9 42,81 34,61 5,6) 1,2 
315 Osa a7 rl, Sha 14,91 40,25) 4, 9142), 0:| 29,015, 3:1R0,8 
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<apOOHAaTOB COJIAHOM KHCJIOTOH, BbICeCHHA TAKEO PpakWHH MU OTAeeHHA 
JO, H XJIOPHTOB Ha BHOPalHOHHOH MoBepxHocTH. Takum oOpasom, o6paborTax- 
ible OOpasiibl — B OCHOBHOM H3 MOJI€BbIX IWIMaTOB HM KBaplla C HEKOTOPbIM KO- 
IMuecTBOM OOJIOMKOB MarMaTHuecKHx mopogx. Bropyio rpynny mpo6 o6pas3o- 
sLIBAIH OOPaslibl MOpoL, He NOABepriMeca KakOl-1H60 O6paOorKe. B ocHoBHom 
TO ObIIH NeCuaHHKH HM aJIeBPOJIHTbI. OTH MpoOOb! MbI OyleM HaSbIBAaTb I[CJIbIMH 
1opoyamu». 
Hcceqopanupie oOpa3iibl XapakTepH3yIoTCA Ce yIOULMMH OCOOeHHOCTAMH. 
Bouwpwmon BbBaax au — MesKOSepHUCThIM rpayBaKKOBbIii NecuaHHK H3 
‘epxXHel WaCTH CpeHeEIOpCKHX OTNO*KeHHH OnH3 Tponbt Mumex-uon. Orxocu- 
‘€IbHO OoraT KBapiiem. OOpa6oTaHHbi oOpasen. AMaAH-OY J aK — HHKHAA 
‘aCTh «=paspesa CpeHeIOPCKHX OTJOKeHHH K BOCTOKY OT BOS3BbIIeCHHOCTH 
Cpi3biI-KHa. Apko30Bbiii mecuaHuk. O6pa6oTraHHbi oOpasey. T yap — 
epXHAA YaCTb abOckoro apyca. BbIxogbI pOSOBLIX MeCUaHHKOB C KPYyIMHbIMH 
(OHKpellHaAmU O1H3 Zoporu orcen. Tyap k rpage Mpcapsi-6a6a. O6paboranHbtii 
Opasen. Texke «x u K — oOpaser Ne 170, cya no qanupm (*), OTHOCHTCA 
¢‘ @ntcKomy spycy, o6pasen Ne 185 k Bepxam abOckoro; MepsBblli npescTaBsen 
JeBpUTOM, BTOPol — mewKosepHucTHIM necuanuKom. Ilenéa mopoma. K y 6 a- 
e€ HI p — HanOonee 3anaqHble BbIXOAb! albOckoro apyca Ha KpacHosoj- 
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ckom viato. Tlomo*weHve u3y4¥eHHOrO OOpasna:(Ne 1063) ompememneTca Ha- 
XOJKOH 3HaYTebHO HHxKe ero Colombiceras tobleri Jacob. var. discoidalis 
Sinz (amKHUuM anT*) H 3HadHTeIbHO BBIle MO paspesy BbIXOaMH CeHOMAaHA, 
YTO JOKa3bIBaeT ero aslbOcKHH BospacT. MeaKosepHucTHI mecuannK. Ilenas mo- 
pona. T ax T a — rpyOo3epHucTbI mecuaHuK 43 cKBaxKHHBI No 1, pacnomoxeH- 
HOH mpuMepHo B 10 Km K wry oT r. Tamays3. [Ipo6a B3aTa B MHTepBasie, 110 
JaHHbIM TypKMeHCKOro reovloruyecKoro YpaBJIeHHA OTHOCHAINeMCA K BepXxHel 
uacTH ab6a. O6pa6oTaHHbi o6pasen. Manuh Baaxau — oOpaser 
Ne 71, ornocamulica K ambOy (*). ToHko3epHucTBIN mecuaHHK, MVJIOTHO CILeMeH- 
THpoBaHHbi. Ilenaa mopoza. Bropoi o6pasen — mMeKosepHucTHI, ca6o- 
CICMCHTHPOBaHHblii TecuaHHK H3 HHXKHeH UYaCTH BepXHel MOJOBHHbI KpacHo- 
I[BeETHOM TOLL, MpeANOMOKUTeENbHO OTHOCHMOH K TpeakyarblIbCKUM KOHTH- 
HEHT@JIbHBIM oToKeHuAM (°). OOpa6oraHHEIt oOpasen. Amxabdaq— 
allTCKHe, IVJIOTHOCIIEMCHTHPOBaHHble TVIMHMCTLIC AJICEBPOJIMTbI H3 OOPEIBOB B 
yulembe p. Pupro3pl. O6padoTaHHpli oOpasen. Kam bi Wl a BI — anbOcKuit 
MCJIKOSEPHUCTHIM TecuaHHK U3 pa3pe3a 3amafHee 20-ro Km wiocce KBI3bII- 
apBaT — XajoKuM-Kasla, O61H3 KoNOMNa Kamp. OdpadoTaHHplli oOpaselt. 
Caury-ar — MeIKO3epHHCTHI mecuaHHK, MpeAMOMOKUTeIbHO albOcKorO 
BospacTa, C CceBepHOro CKJIOHa XpeOTa, pacmomowKeHHorO K Wry OT Cel. 
Iepnoyx. Llenaa nopoma. Vem ek eH — TPH OOpa3zna H3 OOHAKeHHON YacTH 
KPaCHOMBETHOH, BEPXHETPeTHYHOH TOMI; OOpaOoTaHHbIe OOpasiibl MeJIKO3epy 
HHCTBIX Te€CKOB, OCBellalolive BepXHHe 350 m paspe3sa. 3e€ p aBill aH — Meu- 
KO3€PHHCTHIM MecOK H3 COBPeMeHHOPO asOBUA. IIpaBbl Oeper peKH K BOCTOKY 
OT mocTa Ha Wwocce Camapkany — Byxapa, 61u3 CamapKanfa. OOpadoTaHublit 
o6pasen. Amy-JLapb A — MenKOSeEpHHCTHIH mecoK Cc OTMeH y wseBoro 
Oepera peku Onu3 r. UapaKoy. OOpabotanHpt o6pasen. M y p ra 6 — TOHKO- 
3€PHHCTbIH CBeTIbIM MecOK H3 pycula peKH y mpaBoro Oepera B mpesemax 
r. Mapbt, HuKe MocTa foporu Ha Batipam-anu. OO6Opad6oTaHHbIi oOpasell. 
TeX eH — KPYNHOSepHHCTHIM NecoK y NpaBoro Oepera peKH BbIMIe BO,Oxpa- 
HHMiLa O1M3 Ata. O6Opa6oTaHHE o6pasen. AT p € K — MeJIKO3epHHCTHIi 
mecoK Ha oTMeIM y cel. Uat, o6rekaempli Bofamu ATpeka. OOpaOoTaHHblit 
oOpasen. Mecronomomkenve HCCJeqOBaHHbIX OOpa3si0B moKa3aHO Ha puc. |, 
Bo3pacT OOpa3sioB aH B Tabs. 2. 

Anais Ta6. 2 MoKa3bIBaeT, 4TO BCe OOpPasbI AemATCA Ha [Be rpynmbl. 
Ileppaa uMeeT BO3pacT OONOMOUHOH uacTH Oomee 200 Mau. sIeT. OTa rpynma 
OXBaTbIBAeT BCe IOpCKHe OOpaslibl, OOpasibl MEJIOBLIX NMOpoOs c SMMrepuMHCKOK 
SakacnuicKol mWwiaTsopMbl, a Tak»xKe OOpa3zel u3 Konert-ara 6nu3 Amxadana. 
Bropas rpyiia OXBaTbIBaeT OOJOMOUHBIM MaTepHaJ MeJIOBLIX Nopoy TypKMeHo- 
Xopacanckux rop (Caury-yara), anmoBpuli ATpeka M TpeTMUHbIe OTIOKeHHA 
Uenekena, T.e. paloHbl Ha KpaliHem 3amame M toro-3amafe HccleqOBaHHOH 
TeppuTopuH. IIpodrt u3 Kamen: u Manoro Banxana, pacnoslaratoulneca 
Ha rpaHHle MEXKAY BbIeIeHHbIMH paHOHAaMH, HMeIOT IIpOMeXKYTOUHDIN BOspact. 
VntTepecuo OTMeTHTb, TO OOMIHOCTbh 0 BO3pPacTY Mex*KLy HCCeLOBaHHbIMH Mpo- 
OaMM, BHMMO, MOLTBepxKLaeTCA OOMHOCTbIO B MMHePaJIbHbIX acCOMMalHAX 
HCCJleQOBaHHBIX Topog. Tak, cormacHo (1), HHKHAA yacTb paspe3a TakelxKHK 
OmMKe TIO MHHepasbHOH accoluMalHu K paHoHamM TeOCMHKJIMHaJH C MOJIO{bIM 
MaTepHaioM, AHaJOrM4HO HWKHM OOpasel u3 paspesa TakeqxKuK oKasaJicA 
Coulee Momo_bIM. Han6onee MOJOILIMM OKa3aHCb OOJIOMOUHIC 4aCTH aJVJIIOBMA 
p. Arpek # kpacHonperHoit Tommu Uenexena. V3 qanupix (8) u Ta6n. 1 BuqHo, 
4uTO Mey HHMM MHOrO OOlero HO MHHepaJIbHOM accolMaluH. 

XOPOIMO YBASbIBAIOTCH TaK2%Ke MpOWcxomfeHHe H BospacT ammoBuA. Jins# 
SepaBllaHa, J peHupylollero HMKHHM Nameosoii H HHTpy3HH, MMeroulue B Tuc- 
CapcKoM xpeOte Bospact 230—260 mau. met **, xapakTepeH HaHOonee TpeBHHi 
anmoBui. Mypra6 u Amy-Jlappa, Apenupytoulue mameosolickue HHTpy3HH, 
MMEIOT TIOJIEBbIC IMaTbl B OCHOBHOM BepXHeMaseo30lcKoro Bo3pacta. Hakounel, 
Tenaken u Atpek, peHupylomie Hapsayy c [peBHUMA OOpa3s0BaHHAMH MOsOBIe 


* Onpegesenue tbayHht Gro m106e3HO BEIMOMHeHO B. IT. Penraptenom. 
** HeonyOJIHKOBaHHble MaTepHaJIbl. 
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TaOaunma 2 


A6comorHeili BOSpacT OOMOMOYHO! YacTH TecuaHO-aeBpHTOBBIX OTMOx%KeHHit 
joro-3anafa Cpennelt Asuna 


— 


tie tia ar 

' ; rpadbuye- ; air Bospact, 

. Mecto oréopa nmpo6snt Ne o6p. eo K, % oo 10-5 Ste bat 
B. Banxax 1002 Js 1,82 1,88 255 
Amau-By.1ak 922 Js 2,03 222. 235 
995 2,43 2,26 230 
Tyap 871 Gore 1,74 1,61 230 

; 916 1,62 1,59 245 

 Takemxux 185/996 |. Cralb 1,58 1,63 250 

: Take2okKuK 170/1000 | CrfP* 2,56 2,38 230 

Ky6a-Cenrup 1063 / 1006 Gr 2,04 1,92 230 

| M. Baaxan 71/993 ae 2,14 1,76 105 

| Taxra | 1322 ert | ajay: | 2407} 225 

| Kamba | 994 cy 1,66 {53 PS 

— Auxaban 997 ores 22h | RO 225 

_— Caury-aar 1005 Gat 2,18 1,53 175 

I 2,18 1,47 170 
M. Baaxax, Uaacy 1001 No 1,07 0,86 200 

. 919 1,05 0,80 190 

UenekeH, KpacHowpert- 918 No 1,09 0,83 190 

Hav 1.ouula 917 1,68 1,07 160 

992 1,49 1,08 185 

. SepaBuiaH 61u3 Camap- 926 Qual Te 1,30 285 
KaHya | 

: Amy-Jlapps 6.2u3 Uapa- 1000 Qual 0,8) 0,72 235 

.. *Koy } 

- Mypra6 y Map» | 924 Qual 4,17 (544 235 
TemxkeH 927 Qual 0,91 OFS 205 
Arpek 6243 Uata 1523 Qual I 0,59 135 

| 0,80 0,52 150 


IipumMewtanHue. Bospacr spuucaen npu sHaienuax AK = 5,57-10-" rog, 28 = 4,72-40- rox. 


KDpySHBEI, WMeIOT HavOoree ModO_bIe MoAeBbIe wate. B nwestom mlatop- 
{CHHBIHi MaTepHaJl, BHIHMO, CBA3aH C Pp da3MbIBOM Bep XHEMaJICO3OHCKHX HHTpy- 
Hii, YTO XOpouIo corsacyercs c Ha6mOZeHUaMH M. A. PomaHoBoiit Haq B0O3- 
JACTOM KPACHOBOACKHX rpaHuToB (°). MowofocTs o61acTH Ha 3anaye paiiona, 
KOpee BCero, CBA3aHa C BEIHOCOM MaTepHala H3 OmbOpyca WH SakaBKa3ba. 
_ Onpegeienne Bospacta BEino.iHeHo mpH yuacTun IO. V1. Cununa u 3. A. Kos- 
cep, KOTOPBIM ABTOPbI BbIPAKalOT MCKPeHHIOIO MPHSHaTe/bHOCTD. 

Jla6opatopua aspomeTogos TlocrynHa0 
. AkKajeMHH HayK CCCP 9 1 1964 
; Paguesnlii HHCTHTyT HM. B. [. Xaonvua 

AkajemuH HaykK CCCP 

UHMTHPOBAHHAS JIMTEPATYPA 
_ (A. B. Bucteanyc, Tecaorua 3axacnua, B. 1, 31 (4956). 2 A. B. Buctreuu- 
c, WAH, 125, Ne 6, 1307 (1959). * A.B. Buctenuyce, H. A. Kopo6Kkos, 
A. Pomayosa, Wss.. AH TypxmCCP, Ne 3 (1960). 4A. A. Kppaos, 
. B. Bapanosckaa, IT. 1. JIopuwe, Tp. 5 ceccun Komucc. no onpezenenuio a6- 
mioTHoro sBospacta, 1958. ° A. AH. Kppaos, C6opx. Onpegenenue a6dcoutoTHoro BO03- 
‘Ta JoueTBepTHYHBIX dbopmMannli. JloKa. cop. reouorop Ha 21 ceccuu MenkayHapoan. reoil. 
urp., 1960, ctp. 222. © M.A.Pomanuosa, JIAH, 117, Nod, 870 (1957). 7 M.A. Poma- 


oBa, Teonsorua Sakacnua, B 1, 2 (1958). 8M A. Po MaHOBa, 3an. Muuep. o6u., 
at) (1957). ®M. A. Romanova, J. Geol., 69,3 (1961). 
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Hoxaagn AkafqeMun nayrxr CCCP 
1961. Tom 138, Ne 2. 


PEOJIOVH Mm 


M. A. KAMAJIETJUHOB 


K HCTOPHH PASBHTHS KPYMHBIX CTPYKTYP 3ANARHOFO 
CKJIOHA FOKHOFO YPAJIA 


(ITpedcmasaeno axademuxom H. M. Cmpaxosom 6 XII 1960) 


SanayHp ckioH TOxwuHoro Ypasa xapakTepH3yeTca CJIOXKHbIM TeEKTOHHUe- 
CKUM CTpoeHHem. B ero CKaquaTOM KOMIWJICKCe BbIZeIAeTCA PA CTPYKTYPHbIX 
enquHu (1-8, °-"), caMbIMH 3HAYHTeIbHBIMH M3 HHX ABIAIOTCA SHAHpCKHK CHH- 
KIHHOpHH wu Bamkupcekua (SmanTayckui) aHTHKIMHOpHH. CTpyKTypbl 93TH 
XOPOWIO OTpaxKeHbI Ha TeoorHuecKoH KapTte Ypana macutada | : 500 000. 
B myiaHe OHH HMeIOT CyOMepHAHOHaIbHO BbITAHYTY1IO (popMy MH pacmoaraloTca 
KYyIMcooOpasHO OTHOCHTebHO Apyr Apyra. 

SusavpCKHH CHHKIMHOpHH C BOCTOKa MpHMbIKaeT K aHTHKMMHOpHIO YpaJ- 
Tay, ¢ 3alayla jOoKHAA YaCTb ero rpaHuuuT c IIpenypanbcKoN BUaMHOH, a ce- 
BepHad — C 1O%KHOH uacTbio BauikupcKoro aHTHKJIMHOpHaA. CeBepHand 4aCTb 
DauIKNpCKOro aHTHKJIMHOpHA C BOCTOKa OrpaHHuena [Opio3aHCKOl CHHKJIMHAaJIbIO 
u THpJIaHCKOH MyJIbqOW, C 3amaya Ha BCeM CBO€M IIpOTAXKeCHHH AHTHKJIMHOp He 
rpanuuut c [IpenypasmtbcKoH BnaqHMHon. 

JIpepuee 3asloxKeHHe H YHaCJIeqOBaHHOe pa3sBHTHe OCHOBHBIX CTpyKTyP 
ganaqHoro ckKjioHa TOxKHoro Ypasa paccmaTpuBaioTca B padorax (7,°,’). 

B pe3yibTaTe 1poBoxuMoro B TeyeHHe pata met (c 1953 r.) usyyenuaA reouo- 
rMuecKOrO CTPOeCHHA OMMHCbIBAeMOH OOIaCTH HAMM YCTAHOBJICHbI HeKOTOPBIE 
ocoOeHHOCTH pa3BHTHA SuaupcKorOo CHHKJIMHOpHA, BawikupcKoro aHTHKJIH- 
HOpHA HW OOpaMJIAIOULHX MX CTPYKTyP, KOTOPble H3araioTca HHKe. 

Tlaseosolickue ocagouHble tbopMallHuH, yuacTByIOMIve B COKeHHH SHaNp- 
CKOrO CHHKJIHHOpHA HM BawiKupcKoro aHTHKJIMHOPHA, Pe3KO pasJMUaIOTCA Me2K- 
jy coOol mo cocTaBy, MOM[HOCTH UH cTpaTurpaduyueckow nonHoTe. B npememax 
llepBOrO pasBHTbI IIpeHMyWjeCTBeEHHO TeppHreHHble OCaKU, XapakTepH3yroulHecs 
OObUIOH MOLIHOCTbhIO, Pe3KHMH ee KOJICEOAHHAMH MH CHJIbHOH GalvasibHOH UHs3- 
MCHUMBOCTHIO, B IipesesaxX BTOpOro pa3BHTbl B OCHOBHOM KapOoHaTHble OTVIO: 
*KCHHA TwiaTpOpMeHHOrO THMa, XapakTepH3yroulHeca OMHOTHMHbIM CTPOeHHeN 
M BbIepx%XaHHOM MOLJHOCTbIO HA 3HAUHTeIbHIX MowWayAX. 

OHOH HX XapaKTepHBIX OCcOOeHHOCTel CTpOeHHA SHMAMpCKOTO CHHKJIMHOP HA 
ABIACTCHA ACHMMeETPHA CallHaIbHOrO COCTaBa OTJIOKeHHH, PasBUTbIX Ha eFC 
BOCTOUHOM H 3alaqHOM KpblIbsAX. 

Ha BocTOUHOM KpblWie CHHKJIMHOpWA, Ha MeTaMOpdMyecKUX CaHWax KeM 
Opus (?) sameraloT KBapleBble NeCdaHHKH HM TVIMHHCTbIe CJaHIbl OpOBuKa 
MOLWIHOCThIO AO 200 M, CMeHAIOULHeCA BbILIe PIMHHCTO-KpeMHHCTHIMH CJlaHIlaMh 
HM KBapleBbIMH NecuaHHKaMH CHJlypa — cpefHero JeBOHAa, MOMLHOCTb KOTOPbI 
nocturaet 400 m. 

Ha sanaqHOM KpbWie CHHKJIMHOpHaA, B Oacceline p. Benoli, KapazoxcKue 
neCYaHHKH OpMOBUKa MOMHOCTHIO WO 300 M HasieraloT C TyOOKHM pa3MbIBOM 1 
yIVIOBbIM HecorlacHeM Ha JoKeMOpHiickHe nopoyp. Cusrypulicknes oT0xKeHHs 
30eCb MIpeCTaBJIeHbl TIMHHCTbIMH CJlaHWaMH WH JOJIOMHTaMK MOIIHOCTHIO JKC 
400 m. Haq nummM pacnosaraetca TOMA MpeHMyulecTBeHHO pucoreHHBIx U3 
BeCTHAKOB JeBOHA, B paspese KOTOPOM YCTaHaBJIMBaeTCA *KeTHHCKHM, KOOeHIL 
CKMU, SH@eIbCKHM, 2KMBETCKHH UM cbpancKH apycpt. MonuocTh 3TUX U3BeCTHA 
KoB jocTuraet 1700—1900 m. 
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Bae siidebCKHX OTJIO%KeHHH BOCTOUHOTO Kpbiia HW (paHCKHX H3BeCTHA- 
‘OB SanaqHoro KpbWla SasleraloT ocaqKH acnuqHOl dopmMalMM — sHaupcKas 
epun. BospacTHol 2MamasoH OTOKeHHH 3HaNpcKoit cepHu ompefedneTca B 
{HTepBaJe OT AKUBETCKOTO Apyca cpefHero eBoHa NO BH3elCKOrO Apyca HWK- 
ero KapOona. MakcumaJIbHbie MOMIHOCTH 3HaHpCKUX OTJOMKeHHH, MpeBbIIIaIw- 
He 3000 M, IpHypoueHbl K BHYTPeCHHMM YacTaM SuaMpCKOrO CHHKJIMHOpUA K 
JBICTPO COKPallawoTca K eFO 3anayHOMy Kpblly, Te B Gacceltne p. B. Uk ux 
JONLHOCTh cocTaBsaeT 1300 mM. 

Ocaqku dunwesoh d@opMayuH KapOona (Gonee 3000 M) u Mosacch HMKHeL 
1epmu (Zo 4000 m) 3aBepilaroT paspes mameosolicKHX OTJOKeHH, Cararoulux 
analHEt SopT SuiaHpcKoro CHHKJIMHOpHas. 

B mpegentax Bawxkupcekoro antukiunopua u [IpenypampeKow Biaqunni 
aspes Maeosod HaunMHaeTcA OasaNbHOH MayKOH diidembcKorO Bo3spacTa, 3aue- 
‘alOWeH Ha TIyOOKO pa3MbITOH MOBepXHOCTH JPeBHHX «HEMBIX» CBHT *. 

JlepoucKve WH KaMCHHOYTOVJIbHbIC OCaKH, IpeCTAaBJeHHble MpeMMylleCTBeHHO 
<apOOHaTHBIMH MOpoaMH WaTpPopMeHHOrTO THMa, WMeIOT CYMMapHY1O MOILI- 
iocTb mopayka 1000—1500 m. 

HmkHenepMCKHe OTJOKeHHA, pasBHTbIe B Tpesemax paccMaTpHBaeMbIx 
TPYKTYP, CYUeCTBeEHHO pa3sMualoTcA mMexyy codol. Ha 3anaqHom xpbiie 
DaKHPCKOTO AHTHKJIMHOPHA CaKMapO-apTHHCKHe OTJIOMKeHHA MpecTaBJeHbi 
fouaccOBOH (bopmaliMelH, mouiHOcTBIO fo 1500 m (30Ha wHpoTHOoro TeyeHHs 
». Beno), B npezenax IIpeqypanpbcKol BnaqHHbl Of COKeHbI KapOoHaTaMy 
JleMpeCCHOHHOM» (hall, MOWIHOCTb KOTOPHIX He mMpeBpriiiaeT 200 mM. 

Ha rpanune SumavpcKoro CHHKMHOpHaA c BalikupcKHM aHTHKJIMHOpHem 
4c Ilpelypampbckol BnagqHHOH CMeHa OCaOUHBIX OopMallHH mMaseo30a, xa- 
JAKTEPHBIX VIA KAKO U3 HASBAHHBIX CTPYKTYP, MPOHCXOAUT BecbMa ObICTpoO, 
3 BUJle CTHIKaA (allWi, CONPOBORKAaAch pe3KHM FpaXHeHTOM MOINJHOCTH. 

Ha mexfypeuse Beno u M. Mika ocafounbli KomnuieKc OpWOBHKa, cHlypa 
4 JeBoHa MomHOcTHIO Zo 3500 M, claraiomlnit 3anafHbli OopT 3umaupcKoro 
SHHKJIMHOPHA, C 3allajla NPHBeLeH BIPHTLIK C OMHOBO3PaCTHLIMH OTOKEHHAMH, 
SBOHCTBEHHBIMH BavikKHpCKOMY @HTHKJIMHOPHIO, MOMIHOCTb KOTOPBIX He mpe- 
spiiiaeT 750—900 m. 

Peskan cmMeHa qballwii, cOnyTcTByemMaad OOJILINHM TpayveHTOM MODLHOCTH, 
yCTAHOBJIeHa OypeHHeM B HYMKHENePpMCKHX OTMOXKEHHAX BLOMb CTHIKOB BaluKup- 
‘KOrO aHTHKMHOpHA C IlpexypampekolH BraguHow (6accelih p. Hyryu) u 
joculequeit C SumavupcKuM CHHKJMHOpHem (Kauposka). 

IipHBefeHHble BbIle JaHHbIe CBUETEIbCTBYIOT O CYUIeCTBOBAHHH Ha CTbIKax 
(pYNHBIX CTPpyKTyp samagHoro cKoHa ]Oxuoro Ypana AuTenbHO pasBuBaB- 
WHXCA TYOMHHEIX pa3JIOMOB, KOHTPOJIMpOBaBIIHX opMupoBaHHe Maneo3soli- 


‘KUX OCAJKOB. Jipwxenus 3eMHOH KOPbI, NPOHCXOAHBINNE BAOJIb STHX Pa3JIO-_ 


f0B, OOHAPYXKUBAIOT COKIN XapakTep, MPOABMAIOTCA B Pa3JIMYHbIe reoso- 
‘wuecKHe SNOXH C pa3JIMYHbIMH 3HaKaMH. 

| Anasm3 pacnpeseieHua MOWLHOCTeH HM cau OTMOXKeHUH, PasBHTHIX B Tpe- 
eax paccCMaTpHBaeMO OONACTH, MO3BOMAeT MpeACTaBUTh XapakTep ABUKeHHH 
MHOH KOPbI BLOb pasJIOMOB B CJIeMyrIouleM Bue. 

CytiecTBoBaHHe KPpyMHOrO MepHMOHAaIbHOrO pa3soMa, Tpaccupyloulerocs 
QOIb COBPEMeHHEIX TepeOBbIx xpeOtos Ypaja, ycTaHaBIMBaeTca c Havana 
poTeposolicKoro BpeMeHH NO aHHbIM reodusuKH. Bomb sTOrO pasvioma, 
TeABUIerO BOCTOUHBIN Kpai Pycckol natTdopmpl ot YpanbcKol TreocHHKJH- 
au, OOacTb NocneqHeli Obiia Norpy2xKeHa Ha OTHOCHTeIbHY1O rayOuny 2000 m(*). 

B BepxHemM npoTeposo0e (AO3HIbMeplakcKoe BpeMsa) B pe3yJIbTaTe Mporc- 
TeX NOAHATHH B OOMacTH COBpeMeHHOrO 3anamHoro ckJIOHa TOxwuHOrO Ypana 
OSHHKaeT KpyMHaA CKJaquaTad CTpyKTypa MepHHOHaIbHOrO NpocTHpaHHa, 
PHMbIKalollas Cc BOCTOKa K IlaT@opMe. 


* VickmioueHhe cocTaBJIfeT CaMaA 1OxKHAaA WaCTb BaurkupceKoro a@HTHKJIMHOPHA, THe Ce 
HHJIHCh MaJIOMOINIHbI€ OPWOBHKCKHEe H CHJIypHickHe OTJIOVKCHH A. ; 
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B opoBukckylo 9m0Xy 8B Tele STOH CTPpyKTypbl BOSHHK pa3JIOM CeBepo- 
BOCTOUHOFO HampaBsleHHaA. OTOT pasJIOM, Ha3biBaeMbid Hamu BewbceKum *, pac- 
WICHH JpPeBHIOIO CTpyKTypy Ha Be YaCTH, H3 KOTOPBIX B JaJIbHeleM pa3- 
BHMIMCb Dbaikupckui aHTHKMMHOpHH MH SuavpcKHH CHHKIMHOpHH. 

MutencuBHoe morpyxeHHe SuslanpCKoro CHHKJIMHOpHA, HavaBIeecA BOIb 
pa3IOMOB B OPMOBHKCKYy!0 9NOXy, K Havasly MepMCKOM SMOXM JOCTHTMO OTHO- 
CUTeIBHOH TiyOHHbI nopsqKa 4,0—5 Toic. M. 

Oco6eHHo OTHeTJIMBO pH 9TOM CKasaacb polb BewbckKoro WH MepHHOHAaIb- 
HOPO TIyOHHHBIX pa3JIOMOB, OrpaHHUMBaloulMX CHHKJMHOpHH c ceBepo-3anaya 
Hc 3amayja. Menee 4eTKO BbIparKeH MIYOMHHbIM pasJIoM Ha rpaHuie SuiaupeKoro 
CHHKJMHOpHsa C AaHTHKIMHOpHem Ypas-Tay. Ha noBepXHOCcTH BAOIb Hero Tpac- 
CHpyeTca WenOuKa YIbTPaOCHOBHEIX NOpPOA WH HeEOOJbIAX OTKPbITbIX Pa3JIOMOB. 
Tlo 2aHHbIM 3JIeKTpOpasBeLKH (MeTOAOM TeJJIypHueCKUX TOKOB) 3ecb ycTaHaB- 
jiuBaeTCA KpyTad cTyNeHb, Norpyxkatoulaica K sanaqy B MeTamMopdHyecKoM 
WoKoue. 

MoulHad TEKTOHHYeCKAA JeATEIbHOCTS, MpPOABHBIWWAACA Ha 3alaHOM CKJIOHE 
Ypasa B Hauasie MepMCKOH 9TOXH, O3HAMeCHOBAaJIaCb CMCHOH 3HaKa BePpTHKAaJIb- 
HbIX [BUXKeHHH PiblO 3eMHOH KOPbl, NPOWCWIeAWeH BLOJIb OMMCAHHBIX BILE pas- 
jloMoB. OOulve ToxHATHA VYpambcKUx CTpyKTyp HM TorpyxeHHe BOCTOUHOH OK- 
PaHHbl mMaTdopMbl, CBaA3aHHOe c OOpa3s0BaHHem IlpelypanbceKoH BnaMHEl, 
ipHBeJIH K OOpaTHOMY COOTHOWEHHIO reOCHHKJIMHAJIbHOM MW MvlaTPOpMeHHOH 30H. 

Byolb ceBepHol uactH BesbeKoro pa3uioMa B MepMCKy1I0 9TOXY CYyHLecTBeH- 
HbIX NepeMeuleHHH SeCMHOM KOPbl He MPOM3OWIIO, BAOIb ero 1OKHOH 4WaCTH B 
Tlorpy2KeHHe BOBJIeKaeTCA 10X%KHAA YacTb BauikMpcKoro aHTHKJIMHOpHA, B CBASH 
c ueM Ha Mexkypeube Beno uv Bb. Mka 3anaqupm Oopt SumaupcKoro CHHKJH- 
HOPHA OKa3aJICH SHAYHTeIbHO MPHMOMHATHIM OTHOCHTeIbHO CTPYKTyp aHTH- 
KJIMHOp HA. 

CyulecTBoBaHve MorpeOeHHbIX TJIYOHHHBIX pa3JIOMOB Ha TpaHHilax pac- 
CMOTPeCHHBIX CTPyKTYp MpefcTaBAeT OobWIOH HHTepec JId HedTAHOH reowo- 
run. B mocjeqHee BpeMA YCTAHOBJIeHa TeCHAA CBA3b 30H HedTera30HaKOMJIeCHHA 
C riyOHHHbIMH pa3JIOMaMH. 

3 STOH CBA3H 3aCJlyYKUBAIOT BHUMAHHA He@TenpoOABJIeHHA Ha TlOBepXHOCTH 
H B CKBaXKHHaX, HMEIOULHe MeCTO BOIb CTbIKA SHaMpCKOTO CHHKJIMHOpHA HU 
BautkupcKoro adTHK.MHOpHa c IIpenypaibckoH BiayquHol (KauposKa, Ba3n- 
neBKa, Mimtyranoso, Apxaatpmmu, KpacHoycoubck). 


Ilocrynu0 
6 XII 1960 
UHMTHPOBAHHAA JIATEPATYPA 


1B. M. Keaaep, Tp. Mucr. reon. AH CCCP, s. 104, cep. reon., Ne 34 (1949)! 
o Ue gil:, poll andl Guus Konig re Teonormueckad ucropHa Ypana, Csepjmosck, 1943. 
3 A.W. Oaan, B. A. Pomauos, Texronuka BauikupHu kK Ha¥aly cpeqHero jeBona, 
BOIMPOCbI reo. H HetbTeH. HeEBOHCKHX OT. 3amaqHoH BawikHpHu H CMexKHBIX OO., Ydba, 1958. | 
4 A.B. Ile tise, Hsp. AH CCCP, cep. reon., Ne 1, 90 (1956). 5 H.M. Crpaxos, Oc# 
HOBLI HCTOpHyeckolt reomorun, 4. I—11, M., 1948, 6° B.B. XomeuToOBC KH, Bros- 
geteHb MOMIT, reon., 27, Ne 1 (1952). * H.C. Wlatreckut, Ouepxu textronuxu Bosro- 
YpaspeKon HecbrenocHoit OGacTH H CMe@xKHOM sacTH 3amaqHoro cKOHa IOxHoro Ypaaa, M., 
1945. 
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* BebcKHit pasJIOM B COBPEMEHHOM Mahe TpacCHpyeTcA OT 30HbI BepXHero TeyeHHA Besoit 
yO yuacTKa wiuporHoro Teuenusd B. Mka. 
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Jloxraanm AkazqemMun nayrk CCCP 
1961. Tom 138, Ne 2 


MHHEPAJIO‘HA 
U nen-Koppecnounent AH CCCP ®. B. UYXPOB 


WMHKCOJEP)KALIMM OJIMFOHMT H3 WEPJIOBOH FoPbI 


Mectopoxyzenve «IllepmoBa ropa», WHpoKO M3BecTHOe B JIMTepaType, Ha- 
XOJMTCH B CeBepo-BOcTOUHOM oTpore Kpsxa Anyn-Uouon, B SaGaitkanbe. Ha 
OMHOM H3 yuaCTKOB 9TOTO MECTOPOMACHHA BCTPeyeHa TYPMaJIMHOBaA moposa, 
¢peu KOTOpOH oOOHapy2xKeH OnmHCaHHbIi 


HMKEe WHHKCOMepxKamnMA oMroHHT. Iloc- Ta6anua 1 
JeTHHH B BUe OypoBaTO-cepbIX MeJIKO3ep- 
HUCTEIX arperaToB WeMeHTUpyer OpekuHpo- é : St ee: 
BaHHylO H OKBapllOBaHHylO TYPMaJIHHO- Kommonentst | 3 g= MOJIEKY WI. 
BYIO NOposy HH OOpasyeT KOPOUKH Med- Se nse ta 
KHX (70 1,5 MM) KpHcTaJlJIMKOB, 4aCTbIO CKa- 
JeHosspwuecKux. Yyerbubii Bec 3,915. MeO mate one 
Ojnoocupiit, oTpunatembupli. N, = 1,625; CaO 0200; — 
N, = 1,860. IIpu mpokanuBaHuu B OKKC- ZnO 11,55] 0,142 1,00 
JIUTeJbHOM ulaMeHu yepHeet. Tleps Oyppl an? 14,65 cae 
'B OKHCJIMTEIbHOM IIaMeHH OKpaliMBaeTca eae ae 
MHHepasioM B duoueToBbIi uBeT. Munepas CO, |36,21/0,823] 0,99 
pacTBopseTca Ha XOJIOLy B pas6aBeHHOH H.o. 0,60) — 
COJIAHOH KHCJOTE. 

Tlanupie anaiv3a WMHKCOfeprKalleTO = Cywma. . . | 99,73 


ONMTOHHTA TpHBezeHb! B TaO. | (aHavH- 
Tuk — B. A. Momnesa). 

Kak BYfHO, JaHHbIe XMMM4ECKOFO AHAJIH3a JOBOJIbHO TOUHO OTBeUaIOT (pop- 
imysie KapOoHaTa, mpefcTaBisaionlero w3s0Mopd@Hy10 cmecb FeCOs, MnCOs u 
ZnCOs ¢ He3HaYHTeJIbHbIM COepxaHH- 
em MgCOs: (Fe, Mn, Zn) COs. Jlanupre 
XHMHYeCKOrO aHa/lH3a MO3BOJIAIOT pac- 
CMaTPHBaTb MHHepaJl Kak IMHKCOjep- 
*KaulHH OwHroHUT. Ilo WaHHbrm cmeKT- 

nd bar noah ih el pasIbHOoro aHaslH3a, B MHHepaye cojep- 
PURO EOX, 700» 1900 KUTCH OKOIO 0,005% HuKkera. 
‘Puc. 1. Kpupbie narpepanua u morepu peca Ha KpHBOH HarpeBaHua MHHepasa 
WMAKCOsepKailero OMTOHUTA (puc. 1), nomumo mporu6a c MaKCHMyYMOM 
oKoNIO 550° (BbIgeeHHe COs), umeeTca 
SK30TEPMMYeECKHH MWK C MaKCHMYMOM OKOsIO 570° (OKHCJIeHHe »Kee3a HW Map- 
rauita). 

Kap6ouat, cularaiomlui MewKOKpHcTamiM4ecKHe KOpOUKH, HM KapOonaT, we- 
MeHTHP YOM TYPMaJIMHOBYyIO MOpoy, MO AaHHbIM PeHTTeHOBCKOTO H3yyeHHsA 
(C. H. Bepxuu), uqeHTHUHDI HW MOryT paccMaTpHBAaTbCA Kak OMTOHHTHI (TAG. 2). 

Vizomopduoe BxowKeHHe WHHKa B KapOOHaTbI H3BeCTHO B_ JIHTepaType. 
HawnOoee BEICOKHM OHO ABJIAeTCH B posoxpo3ute H3 PocetTo Ha QubGe, B Ko- 
TOopoM oTHOmweHHe Zn: Mn pasyo |: 1,2 (ZnO = 31,03%). B cuneputax u 
OuIMFOHUTAX CTOJIb BICOKHE COMepKAHHA WMHKA He OTMeYeHbI. OnucaHHbili BbILe 
KapOonaT ABIAeTCH JO CHX NOP HeH3BeCTHOM Pa3HOBHAHOCTbIO OHTOHUTA C 
BbICOKHM COjepKaHveM IMHKa. 
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O6pa30BaHHe WHHKCOsepxalero OJMFOHHTa B MmecTopoxyeHun L[epsosa 
ropa, BO8MOXKHO, NPpOHCXOAMO U3 THAPOTePMAJIbHBIX PACTBOPOB OTHOCHTEJbHO 
mpocToro cocTasa. 


Kap6onHar u3 


TaoOauna 2 


Kap6ouHaT H3 


K ap6onat 1leMeHTa OnvroHut Kap6ouat lemeHta OsauroHut 
KOpoueK 6pekuHH no Muxeesy KOpoueK 6pekunu no Muxeespy 
i a, Bs I d,A I IN if d, A I d, A vf d, A 
Aerts, 94 4 3,94 ih SRB) Oe ice 6 1,387 4 1,384 
aes 451 7 o,00 6 3,60 WT too 8 1,358 7 1,360 
6 | 3,08 5) 3,09 6 3,080 1 1,321 | — — — — 
BO 2). COaual LU) DS) 10 2,798 (| MasPan 7 1,284 5 1,288 
ZO ROE 1 2,98 it 2,068 4 | 1,258 | — — 2 1,266 
6 | 2,35 8 2,00 i 2,304 TA) 4.224 ) 1,225 5) 1,232 
Rhee ho, 8 2,14 8 2,138 Sra ie ag 7 1,200 6 1,205 
Te lively Gees lait ee. 8 Te fensy 4 | 1,174 4 1,178 3 Ted 
» | 1,900 |) 4 dls SING) 4, 1,915 4) 1,443; — — _ — 

Sa ToC a 1,802 b) 1,802 eel ala teal 6 41,4126 i) f cite 
LOM te 2O AG APO) al, 1,741 2 | 1,414) — — -— 

3 | 1,657 | — — 1 AI PACGHI Fh Oe Le ONS S 1,083 8 1,0877 
Z| acl OOS a ame 1,581 | — _ 8 | 1,065 7 1,066 4 1,071 
yale beara Ol 1,540 3 1,932 Spal Com mihi — — ~~ 

Voll oUO mens 1,542 6 1,913 2 | 4,034) — — — — 

A ele a2on nes 1,429 6 1,433 2 0296) — — = 

§ | 1,393 Gop tet eis 4 1,403 

WncTuTyT reovJlorHH pyAHbIX MeCTOpOXKJeHHH, Tocrynu1o 
nerporpapuu, MHHepasiorHH WH reOxXHMHH 
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Akanemuu HayK CCCP 


13 II 1961 


, Joxnagn Axkagemuu nayr CCCP 
1961. Tom 138, Ns 2 


JIHTOJIOTHA 


B. B. JIABPOB 

MAJIEOTEH-HEOrEHOBbIE NIPOBHHILMH OCAAKOHAKONJIEHHS 

B CEBEPO-3ANAJHOM A3MHK 
(Tpedcmaseaeno axademuxom H. M. Cmpaxoesim 6 XII 1960) 

Jima maseoreHoporo M HeOreHOBOTO TepHoOOB B Cepepo-3anaguoi Asuu 
HAMCUaIOTCA YeTbIPe OCANOYHHIX MpOBHHUHN (puc. 1). TIpopunmuu o6ocob1eHbI 
MO THMAaM CBOJHBIX paspe3O0B: MX CTPOeHMIO, COCTaBYy M MOIHOCTH, xXapakTepy 
DACIIpOCTpaHeHHA TPeTHYHIX TOM, H HX AMcoWMpoBaHHocTH. B Kaxyjou 


MPOBHHUMH HaOsOJaeTCA CBOe YepeOBaHHe} OCaOUHbIX (cbopmMalHi B paspese 
(cm. TaOn. 1) uw oOHapyxu- 


BalOTCA KOMILICKCHI moses- <a 
HbIX MCKOMaeMbIX, COOTBET- ee ee S 

eTBYIOWMe JIMTOXUMHYeCKHM on —Heacuonnen 

runam (bopmaiuit. Jia He- a*  Ceepanocn 

KOTOPLIX MpOBHHUMI 3ame- SHyieemeas aC mae 


GaeTcA HM laleonTouornyec- 
Koe HX cBoeodpasne. 
Hapsaay c ocoOeHHocts- é 
M pOBHHUHH HasIHyo u 
SJICMCHTLI HX CXOfCTBA, oM- 
peleIsiemble OOULHOCTDIO HX 
KaMHO3SOHCKOH ucTopHH. Bo- 
MepBbiX, OHH BHAHbI 0 Npo- 
ABJICHHIO BO MHOrHX WIM 
BO BCeX perMOHaX KPYMHbIX 
TEKTOHHYeCKHX (pas HU CBA- 
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8 AKTHOOXWHCH 
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oy 
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roceneses 


Dye BKN 


BaHHbIX C HHMH Ppa3MbIBOB, Puc. 1. Cxema pasmemeHua nasleoreH-HeoreHOBbIX MIpo- ° 


BCJIe, 34 KOTOPbIMH OTKJIa- BHHIHH OcaqkKoHakonvieHHa B CeBepo-SananHoi Asuu. 
_ J] — Kppimcxo-KaBka3ckaax (Bocrounad acts); JJ — 
Wb B - ? 

Speeders rpyOoo6siomo4 Apaso-Cu6upexas; J] — Kasaxcrano-Enucelicxas; [V — 
bie B OCHOBAaHHH «CBHTbI 


TanbutaHbeKO-MonrompcKan 

fepepbiBa». Bo- “BTOPEIX, 

SPXONCTBO PeOOrHYeCKOH UCTOPHH MPOBMHUMi MpOABIAeTCA MB OHOBPeMeHHO!t 
2MeHe B as CM@XKHBIX IPpOBHHWMH JIMTOXUMMYeECKHX THMOB OCaOUHBIX (pop - 
MallWt, a CeMOBaTeAbHO, H TaneoKnuMatos. Hanpumep, yraucro-KaomMHoBas 
bopMallHA BuaxKHOTO MO38LHero MasleoreHa OLHOBPeMEHHO MOBCIOLY CMCHACTCA B 
paspesax Ha pyOexe maseoreHa H HeoreHa FHco-cosleHocHOH copMallvelt 3acyul- 
HMBOrO paHHero MHoeHa. UepTbl TeKTOHMYeCKOM HM MasleoKNMMaTH4eCKOK OOUI- 
HOCTH NPOBHHUMH MO3BO/IAIOT YBeEPpeHHO UCHOMb3SOBaTb HX, BMeCTe C TaJleOH- 
POMOTHUeCKUMH JaHHBIMH, JIA YBASKM pa3pe30B TPeTHUHBIX TOMUL Ha OFpOMHEIX 
DHCHb paSHOPORHEIX TeppuTOpUAX Asuu. 

ONeMeHTHI 2%KE MECTHOH OCOOCHHOCTH NaIeOKJIMMATOB, TEKTOHHKM HM Taseo- 
*eorpapun IIPOBUHILMH UMeIOT pellaioiee 3HAYeEHHE JIA MpOrHO3OB Ha TO/Ie3HbIe 
4cKorlaembIe. Ilpu 3ToM Hesb3A ynycKaTb 3 BUY H BJIHAHHe MaleOKIMMaTH- 
feCKOH 30HaIbHOCTH. Tak, B paHHeM MajleoreHe — JlaTCKOM Beke Ha ceBepe 
Apano-Cu6upckoi uM B cmMexHOH KasaxctaHo-EnucelickKod NpoBMHIHH Opi 
OYMMIHDIM (CeMMryMHIHbIM) KIMMaT C BpeMeHaMM CHJIbHBIX 3acyx (°). B npx- 
Spexuoi 3oHe SanafHocHOu“pckKoro MOpHA HaKOMVIAJIMCb weesHble pyybt Kou- 
qaiuesckoro [IpHo6pba uw MapranuesBbie pyfnt IlomyHouno-Mapcatckor mosocnt. 
a pumopckou cyte oT LlextpambHoro Kasaxctana uepes Canaup go Enn- 
beiickoro KpsxKa pactonarasicaA MeJ-naseoreHoBblit «OOKCHTOBLI Toc» Ka- 
CTaHO-EHNCcelicKOH MpOBYHILHH. Secb B NepeMeHHO B/laxKHOM KJIMMAaTe OT- 


Jory, B yaJieHHH OT MOpsA, OOKCHTOHOCHbI€ KaOJIMHbI 3aMellaloTcsA 2KeJIe- 
SHCTHIMH KaoMMHAaMN ([Ipusaticanbe), a ele 1owKHee, B CyXOM KMMaTe TsHb- 
JaHbcKO-MoHrosbCKOH MpOBHHIHH, KapOOHaTHbIMH KpaCHOBeTaMH. 
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B culelyrouuii, OMMrOWeHOBbIM, 9Tal UCTOPHH.EBpa3sHv Mbl BUMM Takoe *Ke 
pacnpefemeHHe nasleOKJIMMaTHYeCKHMX 30H HM THNOB OCaOuHbIX dopMallui. 
B Apano-Cu6upckol MpoBHHIMH OTaraeTCA KOHTHHEHTAaJIbHaA YPMCTO-KaoJIH- 
HOBaA (pOpMallHA TyYMHAHOrO KAMMaTHYecKOrO Npoduaisa. Ha 3anage, B Kppim- 
cxo-KaBkascKoli IIpOBHHIMH, ef MO BpeMeHH OTBeuaeT JHTOTeHeTHUeCKH 9KBU- 
BaJICHTHAA NpUT-CHepHToBaN (popMallua MaiiKkoncKoll cepuu. B sTHX BaKHBIX 
TIPOBHHIUMAX OJIHTOUeHAa OTMe¥aeTCH S3AKOHOMepHaA “«ryMHHad» accolMallus 
MOJIE3HBIX MCKoMaeMbIx (“): B KOHTHHEHTAJIbHbIX (alluax Oypble yrs UW weeE3- 
HBIe pyzbl SanaqHot CuOupu u Kasaxctana, B npvOpexHbIX — MapraHell 
Maurpuusaka uv CepepHoro Kanka3a, B MOpCKHX — HedTb H ra3 Kpnia, IIpeg- 
KaBka3bsa HX Boctounol [py3uu. B KasaxctaHo-EnucelickoH NpOBHHILMH BylaxK- 
HOCTb KJIMMATAa B OJIMTOIeHEe elle COXPaHAeTCA. YTO BUHO MO OTMOMKeHHIO 3ecb 
6embcKoH CBuTHI (7) c OypbIMH yruIAMH. 

K BocToKy HM loro-BocTOKy, KaK M B paHHeM MaweoreHe, KJIMMaT CTaHOBHTCA 
cylle, H yIrJIMCTO-KaOJIMHOBY!O (OPMALLHIO B IOMKHBIX HM BOCTOYHbIX Me?KFOPHBIX 
BMawuHaxX 3aMellaloT MOPOAbl apHAHOrO Mpodusii— KapOouaTHble KpacHOUBeTHl 
ycyHckol cepuu (°) u cBur XcanHga-rom, Tonpoxun u Apgpin-O60 (’). 

Ha rpanuie mameorena 4 HeoreHa B BoctouHo Espone 4 B NpMMbIKalollel 
yacTH A3HM MpOHCXOLMT pesKoe uccylleHHe KiMMaTa. B Hauame MHOLeHa T0- 
BCIOLY OTWAaraloTcA TOW apuyHoro Tuna — KapOoHaTHbIe HM THINCOHOCHEIe, 
a Ha lore ¥ comeHocHble. PaHHeHeoreHOBbI COJIEHOCHBIM MOAC OTYeTIHBO TIpo- 
cnexuBaetca 10 Eppasuu yepe3 Tanb-lanb u SakaBKasbe uM flasiee Ha 3anay 
B Baslaxckylo HH3MeHHOCTb, TpaHcuspBaHcKyio BiaguHy, IIpukapnatbe 4 
Sakapnatbe. K sTOMY COJIeHOCHOMY TlosCy NpHypoyeHbl MecTOpoRKAeHHA UCKO- 
TIAe€MbIX Cole: TauTa, cybdaToB — ruiayOeputTa uM TeHapyMTa, runca, KaJMi- 
HbIX cose. MoxKHo 37,eCb O&KHTLaTb HU OopaToB, ocoOeHHO B palioHax MosIoyoro 
BYJIKAHH3Ma WIM pasBHTHA Oovlee JPeCBHHX COJICEHOCHEIX dopMalHi. 

V3 ra6n. | Take BbITeKaeT O6A3ATEMBHOCTh TEKTOHHYECKOH (hash HW Mepepsi- 
Ba Mexyy cHcTemamu. Ha orpomMubIx TeppuTopuax Kasaxcrana uw CuOupu 
KOHTHHEHTAJIbHbIM BepXHHit OMToweH (TypralicKand WIM warpalickasl CBHTAa) 
MlOCTENe€HHO TlepeXOAHT MO paspe3sy B KOHTHHEHTAJIbHbIe Ke NOPOAbl HHKHETO 
MHoleHa (apabcKasd cBuTa). Mensetca JIMMb JIMTOXHMMYeCKHH THM OCaKOB: 
KaOJIMHbI BepXHero OJIMTOMWeHa, B CBA3H C apHM3alMelH KJIMMaTa B HeorenHe, 
CMCHSAIOTCA MOHTMOPHJIJIOHHTOBbIMU TIHHaMH. To 2xxe MbI BHMM UW B KpbIMcKo- 
Kapka3cKoH IpOBHHUMH: TpaHvya MayeoreHa MH HeOreHa MpOXOAMT B JMTOre- 
HeTHYeCKH OMHOPOAHOH MalKONCKOH CepHH, KPYyMHbIe »%e HeCOrmacHA IIpuxo- 
ATCA Ha CpeqHHH muoweH (Tapxan—Uoxpak). 

Ilo Tuny d@opmaluh aTcKul apyc BO BCeX MPpOBHHILHAX CXOseH C TMaeolle- 
HOM. OrTmewaeTcad TakxKe HM MHKponaseouTouorMuecKkad OOWHOCTb aHuaA 
mlasleoeHa B Kppimcko-KaBpkascKoH w Apaso-CuOupckol npoBununun. Ciejo- 
BaTeJIbHO, M10 JIMTOreHETHYeCKHM, TasleoreorpadwyecKHM HM OTUACTH MO MaJleOH- 
TOJIOTHYeCKHM TOKasaTeIAM JaTCKHi sapyc CeBepo-Sanafnoi A3suu OmxKe K 
mageoreHy, 4eM K Mesly. HameyeHHble MpOBHHILMH TpeTH4YHOrO OCcafKOHaKOI- 
JICHHA B JabHehWeM, BeposTHO, OyyT OOocobeHbI MU Kak Mameoreorpaduyeckue. 
ViznoxKenHoe JeTaiusupyeT nmoctpoexua H. M. Crpaxosa (?°). 

Tlocrynusio 
6 XII 1960 
UHMTHPOBAHHAA JIATEPATYPA 

1K. B. Boromenos, Tp. Mexpeg. cope. m0 crpatarp. Cu6upu, 1957. ?C. P. Ber- 
ke y,? 4! -K.° “Mor fi's, = ‘Geology ‘ol Mongolia; Nal oe. 3B. K. Bea 
CH Je@HKO, Tp. MexBeq. coBeml. no ctpaTurp. CuOupy, 1957. *H.T. 3anpnuman, 
Tp. MexKBeq. copell. no crpaturp. Cu6upu, 1957. ®H. ® Kys3Heuosa, JAH, 82, 
Ne 1 (1952), ® B. B. Jlappos, Mopcxoii naneoren 3aypambcKHxX paBHHH H eFoO KOHTH- 
HeHTaJIbHbIe SKBUBaJIeHTEI, Anma-Ata, 1957. 7 B. B. JiaB pos, KonTHHeHTambHblit maieo- 
reo Hw  HeoreH Apamno-Cu6upexux papHnH, Anma-Ata, 1959. * B. Bo (als, puovae 
B.C. Epodgees, Becta. AH KasCCP, 2, 1958. ® B. A. Tletpymescku i, JAH, 
75, Ne 2 (1950). 1° B. H. Pas ymosa, Tp. MexkBeg. copeul. no crpaturp. CuOupu, 1957. 
uM. H. Cauyos, Usp. AH CCCP, cep. reon., Ne 10 (1956). #2 A. TI] Curos, Brag. 
MONIT], org. reon., 29, Ne 3, 29 (1954). 48 H. M. Ct paxos, Mss. AHCCCP, cep. reoz., 
Ne 3 (1960). 14 B. H. Ie p6uua, Mss. Kupr. AH, 8.1 (10), 84(1951). 15 A. A. A u- 
ia H, Teonorus CesepHoro IIpnapanpa. M., 1953. 
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HMOYBOBEHEHHE 
B. H. EOHMOB 


©OPMbI AKKYMYJISHWMW KAJIBUMA WH OKEJIE3A B TOP®AHHKAX 
(ITpedcmaenexno axademuxom B. H. Cykauceoim 28 I 1961) 


K HacTosilemy BpeMeHH yCJIOBMaA 3a001a4HBaHHaA Cyn, Sap acTaHua)BO- 
JOCEMOB HM OOPa3s0BaHHA TOPPAHUKOB BCKPBITHI AOcTaTOUHO xopotto (°). HaKkon- 
WeH OObWIOH (akTHYeCKHH MaTepHa NO KOJIMYeECTBY 30JIbI H e€€ COCTaBY B 
BePXOBBIX, Mlepe€XOJHLIX H HU3MHHBIX TopdanuKax. Bepxosple WH mepexosHble 
TOPOAHUKH, NHTawuvecd 34 cueT aTMOCHepHbIX H MATKHX .TPyHTOBbIX BOL, 

U3KO3OJIbHBI, H COCTAB 30JIbl TOPda OOYCOBJICH B OCHOBHOM COCTaBOM pacTeHHit 
Topdboo6pasoBaTesel. 
_ Hasunupie TopaHukH, B 3aBMCHMMOCTH OT CTeMeHH MUHepamusaluu uM Xa- 
pakTepa MMTAaIOULHX HX TPYHTOBbIX BO, pe3KO Ppa3JIHYaIOTCA KaK TIO 30JIbHOCTH, 
Tak WU MO ee cocTaBy. Vi3yuenbt HU3HHHbIe TOPPAHHKU C pe3KO BbIPaKeHHO! 
AKKYMYJIAMHell Kaba, weNe3a u cepnI (?-*). 

OyHako lO HaCTOAero BpeMeHH BOMpoc O POpMaX aKKYMYJIAWHM 3OJIbHbIX 

SJIEMeCHTOB B TOPPAHHKAaX He H3y4eH, XOTA HMCHHO NO3HaHHe HX OJNKHO TaTb 
Oonee yrutyOmeHHoe lpezcTaBseHve O Cyl\HOCTH Go/OTHOrO mpouecca. 
_ Hama usyuenbi @opMbl AKKYMYJIAWMM KaJIbUMsA WM 2Kee3a B BEPXOBBbIX, Mepe- 
XOMHBIX H HH3HHHEIX TopdanuKax JlenuurpaycKou oO. Ilepexogupie W HH3HH- 
HbIe TOPMAHUKU OLIN pescTaBeHbl KAaK KOHTHHEHTAJIDHBIMH, TaK HM MpHMop- 
CkUMH BapHaHTamu. BamoBo cocTaB ux pe3KO pasuiMyeH (Tab. |). 


Ta6auua 1 
Baslopol coctaB TopdaAHUKOB (B MpolentTax Ha CyXoe BelllecTBO) 

L 

. ae: : 

. Tnv6 \ 5 [e} 3 r 

t Topodsanux ice i g a sl o1¢ S o| 92 ‘ 

roy ZB 5 a) m < a 5 = n 

Bepxosoii NYyWHWHeBo- 0—20 |3,0| 0,89 | 2,94/1,59) 0,17/0,35) 0,003 |0, 28/0, 10/0, 20 

~ ciparHoBplit 60—80 |3,4| 0,72 | 0,96/0,31) 0,08/0,14) 0,004 |0,18)0,07)0,08 

p 170—200 | 3,6] He onp.| 1,79]0,55) 0,24/0, 48) 0,002 |0,29/0,07/0,13 

Hepexoqubili KOHTHHEH- O—10 |4,7) 1,87 | 6,56/3,91) 0,67/0,90] 0,006 |0,38/0,13/0,29 
TaIbHBIM Mywumuepo- | 40—50 |4,7| 2,412 | 5,90/0,94| 1,47/1,49/ 0,004 |0,95)0, 27/0, 51 
-cibarHoBblit 

Tepexozuniit TIpHMop- O—10 |4,2| 41,47 |414,74)7,72| 1,50/2,24/ 0,05, |0,25/0,4210,80 
| cKMH nymimnnMeBo-Ky- | 30—45 |3,6) 1,412 | 8,65/2,39) 3,37/0,79| 0,006 0, 38/0, 11/0, 94 
- CTapHHKOBBIli 

Hu3HHHbIt = KOHTHHeH- 0O—5 |6,6] 2,31 |18,47/2,68) 7,19/0, 70) 0,003 |4,62/0,56/0,48 
| Ta JIbHBIii OCOKOBO- 15—25 |6,6} 2,00 |29,51/2,66/20,72/0,62) cmegpi/3,31/0,46/0,74 
_ [ApeBecupilt 80—90 |6,8] 2,83 |46,71/0,75) 3,55)0,54) 0,02 |6,14/0,39)2,32 

Au3HHHBIM MpHMOpcKHii 0—10 |6,8) 3,32 |26,36/8,65) 0,80,0,05)0,06 |8,33)1,09)2,05 
_ OCOKOBO-TPOCTHHKO- 30—40 |6,8| 2,42 |17,54/2,18] 1,98/0,22)0,03 |7,68/4,00/2,70 
BbIli 80—90 |6,8] 3,08 |17,60)0,73)] 2,03/0,35|0,05 |6,25/0,88/5,19 


Kak BHHO M3 TIpHBeMeHHbIX JAHHBIX, HCCEJOBaHHbIe TOPPAHHKH MpecTasB- 
[l@HbI WIMpOKHM PAJOM OT KHCJIbIX, OUCH HU3KO3OJIbHBIX BepXOBBIX, C HEOOJIIIHM 
tolepKaHveM KaJbUMA HU MKesesa — JO HEHTPAIbHbIX, OUCHb BbICOKOSOJIbHbIX 
4U3HHHBIX, C pe3KO BbIPaxKeHHBIM MpeoOaqaHHem B cocTaBe Topda STHX JByX 
JIEMCHTOB. CrielHuKoH MpuMOpCKHX TOPPAHHKOB ABMAeCTCA AKKYMYJIAWMA 
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Se 


6OuIbIIMX KOsMYeCTB cepbl. IIpH n3syueHuN ChOopM aKKyMYJIAWHH KaJIbILMA HaMP 
OMpeweIAJICA KaJIbIWH BaJIOBOH, OOMeHHBIM, KapOonaTa M ruica. 

Jia packpbitHa POpM aKKYMYJIALMM yKese3a ONpPeMeANOCb BaOBOe, 06: 
MeHHOe xKee30 HM HaXOfAlleecA B COCTABe. Kee300PpraHHyeCKHX COeMHEHHH, 
BpiemeHve  xKeJle300praHHyeCKHX COeCAHHEHHH MpOBOMOCb MO MeTOsy 
JI. H. Anexcangiposou, qoKasapuiei, uro 0,1 M pactsop nupodocdata HaTpus 
U3BUJIeKaeT M3 TOUB WKee30, CBASAHHOe C OPpraHHyecKHM BellecTBoM. )Kewe30o. 
He CBASaHHOe C OpraHHyecKoH YacTHIO 104UB, 0,1 M NasP20, ue pactBopsetca (+). 

)Kene30 CBOOOUHBIX OKHCJIOB OMpeseseHoO MO pa3HOCTH MexKJly BaJIOBbIM, 
OOMeHHLIM H 2KeJIe30OM 2Kee300praHHyecKHX CoeqHHeHNH (Tabu. 2). 

B BepxoBoM H HepeXoJHbIX TopdaHHKax — Kak IIpHMOpCKOM, TaK H KOH 
THHEHTAJILHOM — BeCb KaJIbuWH HaxoguTCA B copMe cCBOOosHOrO OOMeHHOrC 
voHa. Popma OOMeHHOPO KaJbILMA ABAAeTCA MpeoONagatolell HM LIA BbICOKO- 


Ta6muna 2 
MopMbI aKKYMYJAMMH KabUua WM wKene3sa B TOpdaAHNKaX (B npouentax wa 100 r Topda) 


Ca Fe,O; 

' O c 

Sale Tl ay6una, = iS 5 Le eis) 
opdsnuk fe) ' ° os o 
DOs . eM a He « 9 a aay ene 
u ° Ore, oO \o O° ao* o* Nomen] 
5 raat =| a 5 B® So o=zn 
it 1o a = Sg Gs} amo 10 O ass 
fea og a Se fea) oss ou oe 


Bepxopoli nyyineBo- 0O—20 |0,20)0,20} ner |Heonp.! 0,17| 0,13) 0,04 | ner 


ecbarHOBBIli 60—80 |0,13/0,13 » » » 0,08} 0,07] 0,04 ) 
470—200 | 0,21 }0,24 » » » 0,24) 0,22) 0,02 » 
IlepexoHbIi KOHTHHEH- O—10 | 0,27)0,27 » » » 0,67] 0,60} 0,07 » 


TaJbHbIi NyuMiueBo-| 40—50 | 0,68} 0,68 » >» » HATA ES PMO ECO! » 

KyCTapHHKOBBIH 
Ilepexoqubii mpuMmop- 0O—10 |0,18)0,18 ; 

CKHH TyuInuueBo-Ky-| 380—45 | 0,27)0,27 » » » Beol| woyee | Ose » 

cTapHUKOBbIv 


HusnuHplii KOHTHHeH- O0—5 3,00|3,08]He omp.| Her 7,19] 3,17} ner | 4,02 
TaJIbHBIL OCOKOBO=|) 40 ==20) 9) 253652), 361) oye > » 2057 Ae) ADie45 » 8; 26 
IpeBecHbIli 80—90 | 4,38)4,03) 0,04 | 0,43 | 3,55) 2,96) » 0,09 

H3nkHbit NpuMopcKut O10 Dar eonlionone O04 O,S2ae 0.803) 0578 » 0,02 
OCOKOBO-TPOCTHHKO- 30—40 |5,48)3,41] 0,02 | 0,64 LigsiSisl pentheyeZelli 2) 0,08 

Blok OA HeT 202m 1 ot » 0,41 


BbIli 80—90 | 4,47 


* Onpesenaaucb Tocme MHOrOKpaTHOrO HacbiueHua TOpda 0,5 N pactsopom KCl, 

** BopresAOCb MHOrTOKpaTHbIM KHMIsueHHeM Topda c 0,1 M pacrBopom Na,P,O, qo npekpamienus 
BbIXOWa Opranuyeckoro BellecTBa. Onpegenanoch 10 MeToguKe JI. H. Anexcanyposoii (1). 
3O0JIbBHbIX HeHTP aJIbHbIX HHSHHHbIX KOHTHHCHTaAJIbHbIX H pHMOpCKux Topas: 
HHKOB. B MipHMOpCKOM TOppAHHKe HeKOTOpaaA YaCcTb KaJIbILWA HaKalJIMBaertcs 
B (bopme rurca Hu KapOonaTa. B He3HauHTeJIbHbIX KOJHYeCTBAX KaJIbILM B POpMé 
rHica UH KapOonata aAKKYMYJIMPYyeTCH HU B HMKHeEH YaCTH npopusA HH3HHHOTC 
KOHTHHEHTaJIbHOTO TOpdaAHuKa. 

SHAauHTeJIbHO pasHooOpasHee M CJIOMKHEEe (opMbI AaKKYMYJIAWHH KEES a. 
Bo pcex UCCJICIOBAHHbIX HaAMH THTAaAX TOP@AHHKOB OobuIand uaCTh *KeMe3E 
CBA3aHaA C OpraHHecKHM BelLLeCTBOM Topcda B cbopme OpTaHO-MHHEp aJIBHbIA 
COeHHEHHH. Vckso0yeHHe COCTaBJAeT JIMWIb HU3HHHbIM KOHTHHEHTAJIbHbIF 
TOP@AHHK C OFPOMHBbIM COJepxKaHHeM MWeIe3sa, Te MOcIeqHEee aKKYMYJIHp yetcs 
TakoKe B cbopme cBoOo, HOH rHApOoOKHcH. 

B KHCJIBIX BEPpXOBbIX HW TepeXOJHbIx TOp@sAHHKax HeOOubUIAA YaCTb Wee8e 


HaXOAUTCA B dopmMe CBOOOAHOTO HoHA. 
JlennurpaycKHl; CceqbCKOXO3ACTBeHHBIM Tlocrymuu0o 
HUCTHTYT : 25 1 1961 _ 


LMTHPOBAHHAA JIUTEPATYPA 
1 Jl. H. Anexcaugzposa, Mousopepenne, Ne 2 (1960). 7 H. ee BorwaHosB 
ckaxa-Tuened, dKypy. Pycck. dor. o6m., Ne 11 (1926). °K. B. Bepuruua 
Tp. Tlousennoro uct. um. B. B. Jloxyuaera, 34 (1950). 4E.H. Apauosia, Tp) Tiom 
BeHHoro = muct. uM. B, B. Joxyuaepa, 8, B. 6 (1933), * B. H. Cy kaues, Bouora, W 
OOpasoBpanhe, pa3sBuTHe Hu cBolicrga, M., 1926. 
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Jloxknuage Akagkemnu nayr CCCP 
1961. Tom 138, Ne 2 


MOYBOBEHEHHE 
B. H. MAKAPOB u B. MI. AFHATOBA 


BHOJIOTHUECKAA AKTHBHOCTb HEKOTOPbIX THMOB TOUB 
COBETCKOrO COFO3A (10 HHTEHCHBHOCTH 
NPOAYWMPOBAHHSA CO.) 


(II pedcmaeaeno axademuxom H. B. Tiopunoim 10 I 1961) 


 Passupaa ssrasgpt B. B. Joxyuyaespa o reorpapuyeckux 3aKOHOMepHOCTAX 
ryMycooOpasosanua B noypax, MW. B. Tiopun wa ocHoBaHuu Oombutoro (baKkTHu- 
fecKOrO MaTepHadla yCTaHOBMJI, YTO «... Mpomeccbl rymMycooOpa3s0BaHuA H3Me- 
HAIOTCA KAK C KOJIMYCCTBEHHOH, TAK HW C Ka4¥eCTBCHHOM CTOPOHHI reorpaduyecku 
3aKOHOMePHO, B COOTBETCTBHH C OOLIHM XOJOM MoyBOO6pa3so0BaHHa» (("°), crp. 98), 
BCJIECTBHE YerO Pa3sJIMYHbIe NOUBCHHBIe THMbI H MOATHMbI 3AaKOHOMepHO OTJIH- 
qalOTCA MO OOieMy 3alacy ryMyca MW ero KaveCTBeEHHOMY COCTABY. 

B paOotax M. M. Koxonosoi (1,?), B. B. [lonomapezori (°) u ap. sta ules 

MOyunNa JabHeliliee pasBHTHe M MOMTBepxKeHHe. 
' Kak u3BecTHO, OJHHM 43 OCHOBHEIX (akTOPOB MouBOOOpa3s0BaHHA ABIACTCA 
OuoNorMuyecKHH, OarofsapaA KOTOPOMY B MOUBe MpOMCXOLUT HakoMMeHHe HU pa3- 
Pyll ‘Hue OpraHHyecKoro BellecTBa, paCTBOPeHHe OAHUX BEILECTB H ocameHne 
Ap yruxX, H3MeHeHHe PU3HKO-XHMHMYECKHX CBOHCTB NOUBbI HT. 2. B CBA3H C 9THM 
OOIbINOH HHTepec MpelcTaBsAeT H3yYeHHe HHTeCHCHBHOCTH OuOOrMYeCKHX Mpo- 
HeccoB B mouBe B reorpaduyeckom acnekte. [loqoGHoro Dex viccleOBaHHA 
Mp OBOAMMCb H. M. Jlasapespm (*), E. H. Mumyctunpm (°, *), A. B. PpiOau- 
KHHOH (°) Hap. Tak, E. H. Muutyetunem MOKa3aHo, 4TO WIA tp a MOUBeH- 
HOrO THMa XapaKTepHb! ONpeeIeHHbIe COOTHOWWEHHA (bopM CIOpPOHOCHBIX OakTe- 
pul. Ho B yka3aHHBIX MCCeJOBAHMAX TvlaBHbIM OOpasoM NpoBoAMIcA yueT 
OOulero KOJIHYeCTBA MHKPOOpraHH3MoB B MouBe H UX TpynnoBoro cocTaBa. 
Mexay TeM, JIA peMICHHA BOMPOCOE NOYBOOOpas0BaHUA SowbIUIOe 3HaYeHHe HMeeT 
3HaHHe He TOJbKO OOMero KOJIMUeCTBA MHKPOOpraHH3MOB B TMOuBe, HO H HX 
AKTUBHOCTH, KOTOPad MOKET OMCHHBATbCA MO HHTCHCHBHOCTH IIpOLyWHpoBaHHA 
CO, nowBol. C sto WeJibiO MbI MOMbITAIHCh ONpesenuTh OMOMOrHueCKy!O AKTHB- 
HOCTb HCKOTOPbIX THMOB mouB CoBetcKoro Corsa. 

BuonornyecKkad AKTHBHOCTb MOUBbI ONpedesANaCh B MOUBCHHBIX OOpasilax 
€ HapYyUICHHOH CTpyKTYpOH NO MHTCHCMBHOCTH JbIXaHHA MOUBbI (*). Onpeseste- 
Hue MHTCHCMBHOCTH MposywupoBpanusa CO2z nousoll B maOopaTOpHbIX yC/IOBHAX 
HaeT BO3MOXKHOCTh MpPOBOAHTh CpaBHEH He ONOMOFHYeCKOM AKTHBHOCTH pa3JIMUHBIX 
MOUB MPH OMMHAKOBHIX THAPOTepMHYeCKHX YCJIOBHAX. 

TlouBeHHbie oOpasilbl JOBOAWIMCh JO BO3MYIIHO-CyxXOro COCTOAHMA, Tpo- 
ceuBasIHcb 4“epes CHTO B | MM H NoMellamucb B OroKcHl. TlomHB NpoHsBOAMICA 
MO Becy JA JepHOBO-NOASO/MCTHIX, CePpO3CMHBIX MH CBETJIO-KaLITAHOBbIX II0UB 
us pacueta 60% OT KamHJJIAPHOH BJIaPOeMKOCTH, JWI YepHOSeMOB H TOpdoB — 
70—80%. 

Jina HccefoBaHuh Obi B3ATbI CuleqyioulMe OOpa3subt mous: |) epHoBo- 
MOAZOMMCTAA CpeHeCyrMHUCTAA Ha NOKPOBHOM CYIIHHKe (Uctpruuckuh palou 
Mockosckolt 06.1.); 2) neperHoliHo- TOPPAHO-2KENESHCTAA NOUBA Ha TPaBsAHO- 

epecHom Topde (SIxpomckan noma MockoscKoh o6.); 3) meperHonHo- 
| eee TlOUBA Ha OCOKOBO-TPpOCTHHKOBOM Tope (Munckaa 6oOTHAA CTAaH- 
ins BCCP); 4) mMomuHbii vepHo3eM TsxKemocyranHucTH (KypcKaa o6.1.); 
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5) cBeTlO-KaliTaHoBas nouBa (I]utepcKui pation CapatoscKoli 06.1.); 6) ce- 
po3eM OObIKHOBeHHBIM Ha Jiecce (AumOalickul pation Y3CCP). 

B cBa3H Cc TeM, YTO %KHSHEJEATEJIbHOCTh MHKpPOOpraHH3MoB (a oTciosa H 
BbijeseHHe COz) cBA3aHa C COfepxKaHveM yruiepofa B MOY¥Be, KOJMYeCTBO Mpo- 
JYUMPOBAHHON YIJeKUCJIOTHI MOUBOK paccduTbIBaoch Kak Ha 100 r aOcoutoTHO- 
CyXOH MOuBbI, Tak H Ha | r yrmepoga™*. IIpu stom Ham npescTaBasaeTca Wese- 
coo6pa3HbIM pa3srpaHHYuWTb Ba NOHATMA: OOmjad OnodorMuecKad AKTHBHOCTb 
MOYBbI, BbIPaxKeHHaA B MUJIJIHTpaMMax BbijeiHBIelica COz ua 100 r nous, 
M WHTCHCHBHOCTb OWOJIOrMYeCKOM AKTHBHOCTH, BbIPaxKeHHaA B MMJMWIUrpamMMax 
COz ua | r yraepoga. CnelyeT nogquepkHyTb, 4TO BbIemeHHve CO2 43 mO4uBEI 
(bIXaHHe TOUBbI) MbI paCCMaTPpHBaeM KaK NOKa3aTeb OHOMOrMYeCKOM aKTHB- 
HOCTH T104¥BbI (°). 

IIpupezenupie B TaOn. 1 WaHHble NOKAa3bIBaIOT, YTO YeM BBIlIe cosepxKaHHe 
yrviepofla B TouBe, TeM OovIbiWe BEILeNAOCcb COz B nepecuete Ha 100 r nouBBI. 
IIpu nepecuete xe Ha 1 r yrulepofa nouyuaetca OOpaTHad 3aBHCHMOCTD. 

HavOonpuiad oOmlan OvomorMyecKas AKTHBHOCTb MOUBbI OTMe¥eHa y Tepe- 


Wa O weumal dl 


VMutTencuBHocTH MmpoxyuupoBanua CO, pa3iMuHBIMH THMaMH TOuB 


ae OS Kony. Brien. COs, 
5 os eas ae 
f= HagpaHuHe MOuBbi his a5 
s eet re Ha 100 r | Hair 
E ES z =e MOUBBI | yraepoga 
1 | epHopo-nogz30nctaxi O0—20 1,06 0,427 0,402 
cpefuecyraunuctan | 20—40 0,44 0,323 0,735 
40—60} 0,32) 0,315 0,980 
2 | Ilepernotino-Topdano- O—20; 27,7 Se 0,116 
meslesuctand mouBa | 20—40] 36,2 4,86 0,134 
Ha TpaBsaHo-yApesec- | 40—60] 36,2 5,00 0,138 
HOM TOpdpe 
3 | Mepernotno-topdsanaa | O—20} 37,71 | 3,51 0,093 
Ha oOcoKoBo-Apesec- | 20—40| 39,54 AO 0,092 
HOM Topde 
4 | UepHo3em MOULHBIIi 0—20 3,04 0,630 On 177 
20—40| 2,70} 0,576 On213 
40—60| 2,44] 0,528 0,216 
5 | Cpergqo-KalliTaHoBaA 0—20 1,43 | 0,528 0,368 
20—40;} 1,18 | 0,539 0,458 
6 |Ceposem o6nikHopeH- | O—10|} 0,81 | 0,610 0,750 
HbIit {5—25| 0,61 0,398 0,694 
40—5s0! 0,18 | 0,348 1,76 


THOHHO-TOpAHEIX NOUB, cofepxKamux Jo 40% yrueposa, H B TO %*e BpeMa y 
9THX MOUB MHTCHCHBHOCTb OMOMOrHyecKOH aKTHBHOCTH CaMaad HU3Kas. 
MourHpt vepHo3eM C OOJIbIIHM CojlepxKaHHeM TryMyca TakxKe oTWHuaeTCH 
BbICOKOH OOmleli GHOMOFHYCCKOH AKTHBHOCTbIO H HH3KOH e€€ HHTCHCHBHOCTbIO. 
CnelkyeT OTM€THTb BbICOKYIO HHT€HCHBHOCTb OHoOsOrMyecKOM aKTHBHOCTH 
MO“B C HH3KHM cofepxxaHHem rymyca. Tak, B BepXHeM CJI0e JepHOBO-M0J30- 
JIMCTEIX T1O4UB OHA cocTaBuneT 0,402 mr COz Ha 1 r yruiepoga B ¥ac, y cepo3emoB 
0,750 r, a y meperHouHo-TopdaHbIxX H YepHoOsemoB Bcero JHINb 0,100—0,177 mr 
COz. Ha Bcex mouBaxX HHTCHCMBHOCTb OMOOrMyeCKOH AKTHBHOCTH MOBbIMAaeTCA 
OT BepXHHX CJIO€CB NOUBbI K HHKHUM. 3 
O6ujan OuosorMyecKadA AKTHBHOCTb MOUBbI MOBbIMAeTCA OT JePpHOBO-N0130- 
JIMCTbIX TIOUB K YepHO3eMaM H CeposemaM. Takaa xe KapTHHa HaOmIOfaeTcCA U 
Mp yyete oOujero KOIMYeCTBa MHKpoopraHH3smoB Ha 100 r mouBpi (°, *). Co- 
MOCTaBJICHHe MHTCHCHBHOCTH OHOMOrHYeCKOH AKTHBHOCTH (B NepecueTe Ha | Tr 


* Pacuet na | r yriepoma chesan HaMH 10 mpefiowxennio akan. VW. B. Tiopnua. 
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; 
yriepofja) B pa3JIMUHBIX THMaxX MOYB MOKa3sbIBaeT, YTO OHA MOHMKaeTCA OT 
JepHOBO-NOA3OMCTLIX MOYB K YepHO3eMaM HM 3aTeM BHOBb MOBbINAeTCH pH 
mepexoye K cepo3eMaM, 4TO OObDACHAeTCH, MO-BHAHMOMY, pa3JIH4HbIM KauyecT- 
BeHHBbIM COCTABOM KaK OpraHH4ecKOro BelliecTBa, TAK H MUKpodOpbl STHX MOYB. 
BbIABJICHHaA 3AKOHOMEPHOCTb B H3M€HCHHH HHTCHCHBHOCTH OnOsOrHyeckoli 
AKTHMBHOCTH B pa3JIHYHbIX THmax mous CoBercKoro Cotosa coriacyeTca, Kak 
HaM Ka2KeTCA, C H3BeCTHBIM (bakToM (1) Coulee HHTCEHCHBHOFO pa3sJIOKeHHA Opra- 
HHUeCKOFO BeMLeCTBa B MOA3ZOMHCTHIX H C€PpO3€MHbIX NOUBAX H cTaOMMHBallHeli 
H HaKOMJIeHHeM ero B TOPdxAHO-OOJOTHEIX H YePHOSCMHBIX MOUBAaX. 
B 3aKkmioueHHe BbIpawKaem ryOokylo OarofapHoctTp akay. MW. B. Tiopuny 
3a HHTepec K paOoTe H WeHHbIe yKasaHHa. 


TloupeHHbIM HHCTHTYyT uM. B. B. Jloxyuaesa Tlocrynuvio 
AxkajeMHH HaykK CCCP 9-1, 1961 


HWHMTHPOBAHHAH JIMTEPATYPA 


1M. M. KououosBa, I[Ipo6nema noupenHoro ryMyca H COBpeMeHHbIe 3aauH ero H3y- 
yenHua, M., 1951. 2M. M. KounouosBa, T[loupopemenue, N2 3 (1956). aL Milage sh? ee 
3apes, Mar. copem. BACXHMJI, 1939. 45. H. Makapos, TIloupopegenne, N2 9 
(1957). ® Bb. H. Maxapos, B.B. Mauxesuu, IlowBospemenve, Ne 5 (1958). 
FE. H. MumyctTun, Tp. Onset. CecCHH, NOCBALIeEHHOH CTOeTHIO CO JHA pomeHHA 
B. B. Jloxyyaepa, 1949. *E. H. Mumyctuu, MuxkpoOnonorna, 19, B. 1 (1950). 
®B.B. TloHomapesa, T[loupopegenne, N23 (1956). % A.B. Pr6OanKkuna, Tp. 
Tioupenuoro uucT., 38, 254 (1951). 1° HW. B. Tiopuu, Tp. lO6nsetin. ceccuu, mocpamex- 
HOM cTomerHio co AHA pownenua B. B. Jloxyuaepa, 1949. 4H. B. Twopun, Tp. Mousen- 
HOFO HHCT., 38, 22 (1951). 
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Woraagmn Akafemun nayr CCCP 
1961. Tom 138, Ne 2 


<r 


OKEAHOJIOlH A 


K. T. BOF AHOB 


HOBbIE KAPTbI KOTHJAJIbHbIX JIMHHM NOJIYCYTOUHbIX 
NPHJIMBHbIX BOJIH (M, HW S.) AJIA THXOrO OKEAHA 


(ITpedcmaeaeno axademuxom B. B, Ilyaetixunoim 11 I 1961) 


Pay, HccleqoBaTeteH H3y4aNH MpHAMBHbIe KoMeOaHHA YpoBHA THxoro oKea- 
Wa WH MOCTPOHIH IA ero AKBATOPHH KapTbl KOTHJaJIbHbIX JIMHHH, HCMOb3yA 
Pa3JIMUHbIe METOIE, Kak TeopeTHuecKHe, TaK H MOMYSMMNMpHyecKHe. OHAaKo B 
SosbulMHcTBe paOoT He JOcTHrHyTO OoubUIMX ycnexoB, TaK Kak MCCeOBaHHA 
OCHOBLIBAIHCh Ha BeCbMa CKYJIHbIX HaOJOJeHHAX HM Ha IpeAMOOKeHUAX, 
KOPeHHBIM OOpasOM HCKaxKalollHx eHCTBHTeIbHbIC, MPHMpOsHEIe ycoBusa (°). 
_ Han6onpiwel u3BecTHOCTbIO B HACTOAIIee BPCMA MOJIb3YIOTCA MOCBALLLCHHBIE 
STomy Bolpocy padotn Jutpuxa (*) u Buiiena (”), H ocoOeHHO MX KapTHI KO- 
THJaIbHbIX JIMHHM. OTH KapTbl, MO-BHZHMOMY, CIpaBeLHBbI JId MHOTHX palio- 
HoB THXoOro OKeaHa, OJHAKO KapTbI KOTHaIbHbIX JIMHHM WIA MOMYCYTOUHBIX 
NpHIHBHEIX BOTH Me u Se, onyOmuKoBaHHble Jutpuxom (4), He MoryT mperTeH- 
JOBaTb HA BHICOKYIO TOUHOCTb, YTO NpH3HaeT H Cam aBTOop. B pacnopsxeHHH 
Hurpuxa Obli0 BeCbMa He3HaUHTebHOe KOIHYeCTBO HAaOJIOeHHH, He OOecme- 
WMBaIOWee PABHOMepHoOe MOKPbITHe aKBaTOpHu THxoro oKeaHa JlaxKe TaM, rye 
STO BO3MOxKHO. Kpome Toro, KavecTBO MaTepHaJIOB ObIIO He BCerya YOBeTBO- 
putenbHbIM. Meroquka, MpHMeHeHHad ABTOPOM IIpH NOCTpOCHHH KapT KOTH- 
[abHbIX JIMHHM, ONMCaHa Kpaline CKyMo HM JjasleKo He coBeplieHHa. Bospuioe 
COMHeHHe BBISLIBACT MOCTpoeHHe H XapaKTep KOTHJaJIbHEIX JIMHHH B 1OTO-BO- 
CTOuHOH yacTH Tuxoro oKeaHa. 

KapTbl KOTHaIbHbIX JHHMM JIA TeX Ke MOMYCYTOUHEIX BOJIH, ONyOHKO- 
BaHHbie Buvienom (*), OCHOBaHLI Ha OOJbIIeM KOJIM¥eCTBe MaTepHala, OJHaKO 
ABTOpy He yalocb KaK-HO0 MHTepmpeTHpoOBaTb XapakTep pacnpocTpaHeHHA 
MIPHMMBHBIX BOJIH Ha OOWIMpHO AKBAaTOPHH r0ro-BocTOUHOK uacTH THxoro oKea- 
Ha. Merof, moctpoeHuad KapT KOTHJaJIbHbIX JMHHH, MpwMeHeHHbI Bultenom, 
foqo6eH MeTony JiuTpuxa, H ero TakKiKe HeJIb3A Ha3BaTb COBePIIeHHEIM. 

C yBewueHveM KoMgecTBa HaGIOJeHHH Ha MOOepexbe H MHOFOUHCJICHHBIX 
OcTpoBax THxoro OKeaHa MOABHaCb BO3MOXKHOCTb MOCTPOHTb, NpHMeHaa Oowtee 
CoBepIIeHHYIO MeTOZHKy, Oomee TOUHBIC KapThI KOTHMaJIbHbIX JIMHHM HM MOTMbI- 
TaTbCA BOCIOJIHHT mpoOembI, UMelolulMecA Ha Goslee paHHUX KapTax, ocoOex- 
HO B loro-BOcTOUHOH uacTtH Tuxoro oKeaHa. 

B wactoamlel padore Aa MOCcTpoeHHA KapT KOTHMaJIbHbIX JIMHHM Obl mpH- 
MeHEH MeTO «H30rumc» (7), HeOMHOKpaTHO MpHMeHABUIMHcA paHee AA pasmHy- 
ABIX MOPel. OTOT MeTO, MPHMeHHTeIbHO K MOPAM OO/IaqaeT JOCTATOUHO BBICO- 
Kol TouHocTHIO (). 

UcxofHbIM MaTepHaJIOM JIA TaHHOw paOoTbl NOcyKHIH rapMOHM4ueCcKHe 
HOCTOAHHBI€ IIpHHBHEIX KomeOaHHii ypoBHa cocTaBasrioulux Me u Se ana 
363 MYHKTOB, pacMosOxKeHHEIX Ha MOOepexKbe H MHOFOUHMCJICHHbIX OCTpOBax 
Tuxoro okeaHa (3TH CBeeCHHA B3ATbI H3 pa3JIMYHbIX HHOCTPaHHbIX HCTOUHHKOB 
‘Vsganua Mexzyuapoguoro rugporpaduyeckoro Owpo u Aymupantelickue 
Ta6JIMUbI MpHJIMBOB). 
| Pacnonoxenve nyHKTOB C TapMOHHYeCKHMH MOCTOAHHEIMH IIPHIMBa ABIA- 
2TCH CBHJeTeIbCTBOM elle HeEOCTATOUHOM M3yyeHHOcTH Tuxoro okeaHa B OT- 
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HOWCHHH MIpHIHBOB, OCOOeCHHO B 1OX%KHOM H 1OrO-BOCTOYUHOH eFo 4aCTH, H, C Apy- 
TOH CTOPOHEI, MO-BHJMMOMY, HeBOSMOXKHOCTH NOJHOrO HCHOMb3O0BaHHA MaTe- 
pHaoB BocTouHoro noOepexbaA OKeaHa. Tem He MeHee B OOUIeM OoJIbIIOe KO- 
JIMYECTBO JJaHHbIX H JOBOJIbHO PpaBHOMepHbIM OXBaT MMH BCero NoOepexkbaA 
OOJIbDIIHHCTBa OCTPOBOB OKeaHa, 3a HCKJIIOUCHHEM 1OKKHOH 4aCTH, MO3BOAeT 
TIPOBeCTH Ha HX OCHOBe HCCeAOBaHHe pacipocTpaHeHHA MpHJIMBHEIX BOJIH Ha 
akBaTopHH Tuxoro okeaHa. 

Jina yqoOcTBa cpaBHeHHaA C APyrHMH KapTaMH H ApyrumMu paklonamu Mupo- 
BOFO OKeaHa BCE pacueThI HM NOCTPOeHHe KapT KOTHAaJIbHbIX JIMHHM NpOBOAHIHCb 
MO COJHeYHOMY BpeMeHH fvia TpuHBuuckoro mMepHynaHa. IlpeaBpuucnenua 
BbICOT YPOBHA ANA KAKJOH BOMHbI B OTJCMbHOCTH NPOBOAHNCh DJIA CpeqHUX 
ACTPOHOMHUeCKHX YCJIOBHH, HaHOomee uacCTO BCTpeualOUlHxXcA B IpHpose, 
Korga JlyHa KyJIbMMHUpyeT Ha MepHyMane [puusuya B O yac. couHedHOrO Bpe- 
Me€HH IIpH cpeqHem mapasnaxce 57’, T.e. npH B= 1,6=O0nC=1,c=0. 

Ha HOBbIX KapTaX KOTHJa@JIbHBIX JIMHHM HaHeCeCHbI MYHKTHPOM H30JIMHHH 
aMILIHTYZ, COOTBETCTBYIONIUX BOH. MatTepwasioM Jin MOCTpoeHHA KapT ammn- 
TY MOCYKHIH 3HAYeCHUA TapMOHHYeECKHX NOCTOAHHBIX H (aMMHTYya BOJIHEI), 
BbIOPaHHble JIA MYHKTOB, pacrOJIOKeHHbIX Ha NOOepexKbe MH OcTpoBax Tuxoro 
okeaHa. KapTbI aMIVJIHTY CTpOWIHCb NyTeM JIMHCHHOH MHTepNOAWHH 3Hade- 
Hui H mo akBaTopuu Tuxoro oKeaHa C y4eTOM HYJICBbIX 3HAYeHHH aMIVIHTY], 
B am@HpomMuyeckux TouKkax. Ilocrpoenubie TakuM OOpa30M KapTbI ObIIH Co- 
BMEII€HbI C COOTBETCTBYIONLMMH KapTaMM KOTHMaJIbHbIX JIHMHHH. 


Puc. 1. Kapta Kotugaibublx 1MHHi BomHEI Me (nyHkKTHpOM nOKasaHEI JIMHHH 
u30amnuutyy (7) B cm) 
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Ha ocHoBaHHuH MpOBeXeHHOrO HCCJIeTOBaHHH MOMKHO CieulaTb CJIeyroulHe 
IKJIIOUCHHA, BbIABJICHHbIC B Tipolecce MOCTPOeCHHA HW aHaJIW3a KapT KOTH]aJib- 


IX JIHMHMH (cm. puc. 1, 2 u Ta6n. 1). 


KoopuHaTb WeHTpOB aMPHApomMMyecKkux cHcTeM 


WMugekc am- Muyekc am- 

Bosna ®duzpom. KoopyunatTbl WeHTpa BowHa duypom. 

CHCTEMBI CHCTeMBI 
M2 A 43°59'N, 149°00’W Se B 
M, 5 7°58’S, 166°40’E Se B 
Me B 127007S8 158004 W Sz i 
Mz, pe 0°05’N, 123°00’W Ss JA 
Ms Al S205, bee loaWs Se 13) 

So A 35°20’N, 138°00’W 


Ta6Omunat 


Koopyzuuatbl WeuTpa 


48°00’N, 176°55’W 
12°50’S, 158°20’W 
3°10’N, 125°20’W 
45°45'S, 148°50’E 
46°25’S, 178°40’E 


1. Honycytounpie mpHwIMBHbIe KOJeOaHHA NMoBepxXHocTH THxoro oKeaHa, 
JYCJIOBJICHHBIE COCTABJIAIOUIMMH BoHaMH Mz nu So, ABJIAIOTCH BbIHY2K]eH- 


IMM KOJIeOaHMAMH. 


2. TlonycyTounpie mpwHBHbIe KoJeOaHHA MoBepXHocTH Tuxoro oKeaHa Ha 
aBJAIOUleH uYaCTH €fO AKBaTOPHH ABJIAIOTCH B OCHOBHOM CTOAYHMH KoOVIe- 


AHU AMY. 


' 3. B paiione oxeana kK tory of AneyTcKux ocTpoBoB pactiomaraeTca am@u- 


DOMHYGeCKaxA CHCTeCMa BOVJIHbI Sa, paHee HHKOPa He OTMeUABINIAACH Ha KapTax 


OTHaJIbHBIX JIMHHH. 


[ Puc. 2. Kapta KoTHJaabHEIX HHH BOAHBI Sp (IYHKTHPOM N0Ka3aHbl JIMHHH 


u30ammuuTyo (H) B cM) 
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4, Jlana npaBusibHad HHTepmpeTallMa pacipocTpabeHuaA MO/YCYTOUHBIX Mp! 
JIMBHBIX BOTH Me u Se B woro-BOCTONHOH YacTH Tuxoro oKeaHa Tam, re pa 
IIpOCcTpaHeHve STHX BOJIH Obllo yKa3aHo HeBepHo (*) HAM pacnpocTpaHeH! 
IIPHJIMBHEIX BOJIH He OblIo ycTaHoBseHo (’). 

5. YcraHoBseHo pesKoe HCKpHBIeHHe KOTHJaJIbHbIX JIMHHM NowycyTOUHC 
BowHE! Me B paiioHe noxzBoyHoro Tapalickoro xpeOTa, panee He oTMeyaBiieec 
Ha KapTaX KOTHaJIbHBIX JIMHHH. 

6. lana cooTBetTcTBy1ollad HaGJIOJeHHAM HHTepMpeTalua pacnpoctpan 
HUA MOIYCYTOUHBIX MIpHJIHBHEIX BOH Me u Se B palione oKeaHa K 3anazy ¢ 
IlentpambHot AmepuKu. 

7. SHauvTeIbHO YTOUHEHO MOIOMKeHHe WEHTPOB AM@HAPOMHYeCKHX CHCTE) 
paHee lOKa3aHHBIX Ha KapTaX KOTHJaJIbHbIX JIMHUM. 

8. YrouHeHoO MOMOKeHHe KOTHIaIbHbIX JIMHHM MoycyTouHHIx BoH 
u Se H® °KBaTopHuH Tuxoro oKeaHa. 


Vuctuty? okeaHouorun Tocrynuao 
Axanemun HayK CCCP 8 I 1961 


UMTHPOBAHHAS| JIATEPATYPA 


, 1K.3T. Borgauos, Tp. Toc. oxeanorpabuy. unct., B 57 (1961), 7B. B. T) 
MoHOB. Tp. Toc. okeaHorpapuy. uxnct., B. 37, 185 (1959). % Admiralty Tide Table 
Part I1,{1938. *G. Dietrich, Verdffentl. Inst. Meeresk. Univ. Berlin, A-41, 1 (1944 
5 A. T. Doodson, Advances Geophys., 5 (1958). ® International Hydrographic Bu 
reau. Tides, Harmonic Constant, Special Publication, Monaco, 1940. 47 C. Villain, Am 
Hydrogr. (Paris), (4), 3, 269 (1951). 
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Wokrnagn Akagemuu nayrx CCCP 
a 1961. Tom 138, Ne 2 


OKEAHOJIOIH Al 


JI. f. COJIOBbEB 
OB H3MEPEHHH JJIEKTPHUECKMX MOJIEH B MOPE 


(ITpedcmasaexo axademuxom JI. H. Ilep6axosem 18 X 1960) 


IIpu W3MepeHHU 9S/IeKTpHueCKHX TOKOB B MOpe Hey4eT caKTOPOB, ompese- 

AIOULUX SJIEKTPOXHMMYECKOe COCTOAHHE TOKO- H NOTCHUHaJIOCBeEMHBIX YCTPOHCTB, 
PHBOAUT K OWMOKaM, 3auacTYy!O MpeBbINaIOWuM H3MepAeMBIe. BeJIM4MHBI. 
_ B uccreqopanvax, MpOBeeHHbIX B Pa3IH4YHOe BPeMA H B pa3JIMUHBIX Me- 
fax (1~*), MeTOAuKe SKCNepHMeHTOB yJleIamocb HeocTaTouHOe BHUMaHHe. 
) padorax (*-*) we oOpamjaetca JO/MKHOrO BHAMAHHA Ha BIMAHMe TemMepaTypEl 
OJbI H ee pacnipeseeHHA MO BEPTHKAIH Ha Pe3yIbTATbI H3MePpeHHH SeKTPH- 
eCKHX Move. 


H3 dopmyn Hepucta E =e Ina (rae E — noTenyHan 92eKTpoga, 


‘— nocTosHHaa Puy6epra, T — Temmepatypa, n — BasleHTHOCTb HOHOB Me- 
aia, / — yucno Mapafes, a — aKTHBHOCTb pacTBOpa H re B Halllem cayuae 
“WM @ MOryT ObITb TepeMeHHBIMH) BHAHO, 4TO COCTOAHHe 9JeKTposa ompere- 
aeTCA JByMA tbakTOpaMH: TemMmepaTypou H B MepBOM NpHOmMxKeHHH KOHUEH- 
DallHeH MOTCHWMAONpeleAIOWerO HOHA HJM, B peaJIbHbIX YCJIOBHAX, TeMMe- 
aTYpOH HM COJIeEHOCTbIO B JaHHOH TOUKe MOpa. 

_ Jla6opaTopHbiMy HccleqOBaHHAMM YCTAHOBJIeHO, YTO H3MeHeHHe NOTeHWMaa 
MEKTpowa BCJleqCTBHe H3MeCHeCHHA ero TemMepaTypbl flocTuraeT B cpeqHeM 
45—0,55 mp/rpay, H He ABJAeTCA MOCTOAHHBIM JIA BCeX THIIOB 3CKTPONOB, 
PHMCHAeMBIX IIpH H3smMepeHuax. B HaTYyPHbIX yCJOBHAX 9TO ObIIO MOKasaHO 
a cyleqyiwoulem OMbpite. 

_Q6a sueKTpoya Haxoqusuch Ha raiyO6uHe | M OT NOBepXHOCTH MOpA MIpH 
= 21°. SaTrem ofMH M3 9eKTpofoB B TeyeHve | MUH. OnycKasica Ha ryOuHy 
J) mM npu ¢ = 7° u BbIepxKUBaIcA Tam B TeyeHHe 10 mun. IIpu sTOM pasHOCTb 
JOCTBEHHEIX MOTCHIUMaJIOB 3JIEKTPOLOB B TeyeHve 10 MHH. H3MeHHaCb Ha 3,2 MB. 
- HyxkHo OTMeTHTbh TakxKe, 4TO MpoBeeHHbIe B MuctutyTte oKeaHonorun AH 
CCP onpiTbI 1oKa3aJIH, YTO pa3HOCTb NOTeHIMaJIOB ABYX SIEKTPOOB He 3aBHCHT 
? mepenafa JaBleHui BIVIOTb Jo 30 aT. 

Oco6o culeqyeT OTMETHTb, 4TO JaxKe MPH OJHOBPeMeHHOM HM3MeCHEHHN Temre- 
ATYPbI IByX SeKTPOAOB, BCeEICTBHe HHIMBUYaJIbHbIX OCOOeHHOCTeH HX, 
SKY WICKTpOaMH BO3HMKaeT pa3HOCTb MOTeHIMaJIOB, BeIHYMHa KOTOPOL 
solipesesieHHa WM Mp MOcTaHOBKe CTPOrHX OMBITOB JOJKHAa ObITb onpesemena 
Hcks10ueHa H3 pe3yJIbTATOB HaOsOZeHHH (°). 

Kpome aBieHuii, CBA3aHHBIX C TemMepaTypol, ycTaHoBeHa HeEOOXOAMMOCTb 
teTa H TaKUX (akTOPOB, KaK CKOPOCTH TeyeHHH M pacipesemeHHe Ux TO 
tyOuHe, CKOpOCTH H HalpaBseHHA Apelda cyqHa UM Op. 

ABTOPOM IIPpOH3BOLHJIHCb OMBITHI MO H3YYeHHIO HaNpAXKeHHOCTH 9JIeKTPH- 
CKOrO MOA B CeBepo-BOcTOUHOH uacTH UepHoro Mopa B palione oT Peoso- 
fickoro 3amuBa yo mica Mgoxonac (KapkascKoe mobepexbe). 

IIpH u3MepeHHAX IIpHMeHAIHCh XJOpcepeOpAHbIe SCKTPOMbl KOHCTPyKUMH 
HCTHTyTa OKeaHoJOrHM AH_CCCP, cHa6xeHHbIe TepMOMeTpaMH COMpOTHBJe- 
If, KOTOPble OblIM BKIIOUeHI B AudpdpepeHMa/IbHy!0 H3MePHTeJbHy!O CXeMy. 
WHOCTL TeMMepaTyp 3JCKTPOMOB perHcCTpHpoBaNacb MOTeHIMOMeTPOM, B TO 
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BpeMA KaK BTOPOH MOTCHIHOMETP PerHCTPHPOBAaJ PasHOCTh NOTeHWHAJOB Mex] 
TOUKAMH HaxoxwKeHuA 9eKTpogoB. [mA ompeseseHHaA BEKTOPa HanpsAxKeHHOCT 
SJIEKTPHYeECKOTO MOA MpOW3BOAHNOCh H3MepeHHe rpalveHTa HalpsAx*KeHHOCT 
B UeTHIPeX B3AHMHOMEPHCHAMKYMAPHBIX HampaBseHuAx. IIpM STOM AWA ycTpaH 
HMA BIMAHHA SeCKTPHYCCKOFO NOAA CyAHa ONOPHbI SeKTPO yAanAJca I 
pacetosnue or 40 no 100 m uw nogBemmuBanca Ha Oy, BHINOJHeHHDIM u3 nen 
myiacta. 

IIpu usmMepeHuax B MpHOpexHOH 30He BAIMAHHe TeyeHHa, Temmeparypt 
COMCHOCTH HCKJOUaIOCb TEM, YTO H3MePeCHHA MPOW3BOLMINCbh Ha OJMHAKOBC 
WIA O2HOH cepuu ruyOuHe (oT 4 go 30 M), mpH4uemM HamM4He HIM OTCYTCTBI 
TeYEHHA OMpeAeIAOCb MpH MOMOMM[M MOMIaBKOB. 


Ta6auna tl 
Hanpas- |Honp snex-| lloKkasanua Curnaa, Hanpa- | Iay6una | ny6u- 
meHue * TPOOB, MB MOTe€HUUOMET- MB Basa, M| *KCHHOCTh,| SJIEKTPO- |Ha MeC- 
pa, MB MB/KM OB, M Ta, M 
Mobic )Kene3upri Por, 14 vwiona 
8° D2 5,0 —0,1 100 a0) 4 6 
80 4,8: 4,8 0,0 100 0,0 4 6 
227 4,3 4,3 0,0 100 0,0 4 6 
300 Ae 4,4 Ord 100 1G, 4 6 
Mic Yrpum, 19 uiona 
70 4,3 4,6 0,3 79 20 25 
110 4,3 5,05 0,75 75 10,5 20 25 
230 4,3 4,2 —0,1 75 20 20 
Pa3HOCcTb MOTeHILMaJIOB Ha WHE 
140 | aA | (—3,5) 8,9 vis) 117 25 25 
360 Sat ; —1,4 30 46,7 25 25 


* HanpapmeHue OTCYHTHIBAeTCA OT CTAMHOHAPHOrO 9IeKTpOAa K MepeMmelilaioulemyca. 


Kak BugHO 43 Tan. 1, B mpHOpexHBIX palioHax Ha riyOuHax oT 4 Jo 30 
CYULECTBYIOT 3HAUNTeIbHbIC BEIMUMHbI HAlpAXKCHHOCTH IJICKTPHYeCKOrO NOs 
MW KomeOaHHa ero rpagMenta (oT 25 yo 90 mB/Km). IIpu sToM B eqHHHYHOM 3amef 
OTME4EHO, UTO B pahoHe M. YTPHUI Ha WHE HAP AKCHHOCTh BICKTPHYeECKOLO MOI 
noctursa 140 mp/Kkm. B Tom xe MecTe Ha paccTOAHHH O M OT Ha HanpAx*KeHHOCT 
cHMxKaacb Jo 10,5 mB/KM, 4YTO yKa3bIBaeT Ha TO, YTO B OOpa30BaHHH 3JIeKTP!I 
“eCKOFO MOJIA IpHOpexkHOFO yuacTKa MOPA NpHHUMAIOT yuacTHe HILLS, 
WIM QIeCKTPOXMMHMYeCKHe MpOLecchl, NpOMcCxosAlyHe B Semue. 

Ilpu u3MepeHuv 9eKTpH4ecKOrO Noa Ha riyOuHax Jo 1000 m Temnepaty; 
Had MOrpeWIHOCTh HCKWOUaaCb H3 NOKa3saHH, Apetd) cyqHa He yU4UTHIBAJC 
(cm. TaOm. 2). 

Ta6muua 2 


BeptukasbHad pa3HocTb noTeHiManoB 21 uiona 1959r. Hauano 13 u. 40 Mm. 
(44° 23,0’ c. m., 38° 09,7’ s. g.), Konem 144. 10 mM. (44° 23,5’ c. m., 38° 09,9’ By.) 


Tlompaska| Pesyaptat| PesyabTar 


= 8. a ag Iloxasa- | Benuunnal| PasHoctb | ya pemne-| c nompas-| 6e3 no- 
oe a ss 2 Z eee he Si a pete patypy, Koil, mpaBku, 
= ol a 2 Bo On , MB MB/KM MB/KM 
100 30 4,00 1,00 2,50 1,10 _ 33,30 
150 SOMe 3,0 3,40 1,60 © 3,60 1,58 = 20,00 
200 130 5,0 2,80 2,20 3,20 1,40 6,15 1i00e 
250 480i) cab, Oman ez) 2,30 2,80 1,23 6,15 12,6 
300 230 glo. Oa eee. 50 2,50 2,10 0,9 6,95 11,0 
350 280 | 5,0 2,20 2,80 2,20 0,97 6,80 10,0 
400 330 | 5,0 | 4,70 3,30 2,50 1,10 6,70 10,0 
450 380 | 5,0 1,40 3,60 3,20 1,40 5,80 9,60 
500 430 | 5,0 1,30 3,70 3,60 1,58 4,85 10,0 
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Bpiio OOHapyxKeHO, 4YTO HaNpHAKEHHOCTh QICKTPHYeECKOFO NOIA BAH OT 
OeperoB mp rayOuHe mecta fo 1000 m paBHauacb oT 3 Jo 6 MB/KM H Oblia Ha 
MOpAOK MeHbIe HalpAKeHHOCTH Ha MaJIbIX rulyOuHaxX B NpHOpexHOH 30He 
-(10—90 mB/km). DTot dakT xopolio corsacyeTca c JaHHbIMU, MOJYYeHHbIMH pH 
ompefeienusx mompaBownoro Kos@punuenta K jna QMUT, koropbie mpous- 
BOJWIUCb B paiione mpica MugzoKonac (UepHoe mope) H B ceBepo-3anaqHOH, 4acTH 
Tuxoro oKkeana (Ta6n. 3) (', 8). 


TaoOauna 3 ; 


Cxopoctu Teyenuii, 3abuKcupoBaHHbe mpu pabore SMMTom ua «Buta3ey» B OxorckoM mope 
wu Tuxom OKeaHe B 1995 — 1958 rr. mpH rayO6uHe NorpyxeHHA 2eKTpOfOB Jo 159 M 


é = |Hanps2xex- 5 2 |Hanpsaxex- 
Jiata NOOR Aza TH 2 3 Pumweesore Jlata Opa g5 5 eoeaecKore 
(Cc. DY. — B. 2.) oss mows, (ci WM.—Bs. 2.) ges noma, 
Owe MB/KM OBS MB/KM 
26 V1 1955, 889 51°42,,4’ spe 4,9 16 VIII 1958 32°33, 0’ 
160°58 ,0’ 158°44,9’ 13 Dr) 
26 VI 1955, 1430 D2nOo er 24 VIII 1958 43 16,85 
160°10,9’ 29 9,80 7 X 1958 44°30), 9" 
29 VI 1955, 1858 Does Os 1 44°36,8" | 67 26,40 
160°32,0’ 106 44,50 27 XI 1958 46°56 1’ 
~30 VI 1955 Suleiaye iy les 4200 2 19 T40 
Gaede Ais 20 9,80 


IIpu sTHx ompeseneHuax OblIo OOHapyxKeHO, 4TO KOSdppuuHeHT K HaunH- 
-HaeT pe3KO MCHATb CBOe 3Ha4eHHe C YMeHbUIeHHeM TyIyOMHbI MecTa H ycTOHUMB 
B palioHax OombUIMx rlyOMH. STO, KOHe4HO, CBA3aHO C OOMIMM XapakTepoM 
M3MCHCHHA HallpAXKeHHOCTH SIEKTpHYeCKOrO MOJIA B MOpe H 3aBHCHMOCTbIO ero 
OT CKOpOCTH H pacnpeyeneHua TeuveHHl WM ryOMHbI MecTa HM OTHOCHTCH He K 
KOpOTKOMepvosHyecKHM KOeOaHHAM, a K YCTaHOBMBINMMCA mpoleccam. 


BHhBOZHE 


1. Msmepenuem, mpo“3BezeHHpim B UepHom Mope H B THXOM oOKeaHe, ycTa- 
HOBJICHO, 4TO BeHYHHA SIeEKTpHGeCKHX NoeH B paloHax OoubUIMx riyOuH 
'B cpeflHem He mpespimaeT 10 mB/kM. B mpHOpexKHbIxX palioHax CceBepo-BocTOuHOH 
-sacTu Uepxoro mops B patonax riyOun 30—70 M H3MepeHb NosA, MocTuraroulHe 
'B Boge 90 mB/km, a Ha JHe 140 mB/KM. 

2. AHalH3 JaHHbIX, MOJIYYCHHBIX pH H3MepeHHH J/IeCKTPHYeCKHX Tose B 
oKeaHe H B UepHoM Mope, Mo3BONAeT CeMaTb BIBOALI, YTO WICKTPHYeCKHe NOMA 
B TOJIMe BO B OCHOBHOM OMpeyenAIOTCA JBYXKCHHEM BOJbI B M@rHUTHOM Tove 
Semin. B mpHOHHOH 30He MOpeli CYIIeCTBEHHO BJIMAHHe 3EMHBIX 9JICEKTPH4eCKUX 
TOKOB. 

3. YcTaHOBJIeHO, 4TO TeMMepaTypHbIi KoOSpPHUMeEHT JWIA KaMHeBLIX H 
XNopcepeOpAHEIX SeKTponoB JocTuraeT 0,4—0,5 mp/rpay. B cBa3H c 93THM 
HeoOxXoqHM yueT M HCKIIOUeHHe TeMNepaTyPHBIX NOMpaBOK 9/IeEKTPOOB, 4TO 
HmeeT ocoOoe 3HaueHHe IPH oMpeseseHHH BepTHKaJIbHOM CocTaBJAlolleH Ha- 
TIPAKEHHOCTH SeKTpHueCKOrO NOs. 


Tlocrynuno 
17 X 1960 
UHTHPOBAHHAA JIMNTEPATYPA 
1 A.jieeM & pon 0 B,\; Tp. Tones rufpopu3. uuct., 1 (1948). 2B. B. y 1 e i- 


Ku H, JAH, 119, Ne2 (1958). 3 T. Pox Kos, TAH, 113, Ne 4 (1957). 4 TL 6 B u- 
HOrpazos, JIAH, 113, 6 (1957). 5C. [meccton, Bpemenue B 91eKTpOXHMHIO, 
‘JI, 1951. é 1. T. Comopbes, Tp. Mucr. oxeanon. AH CCCP, 35, 92 (1959). 
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Jloxnagn Axnkanemun nayx CCCP 
1961. Tom 138, Ne 2° 


PHCTOJIOPH A 


3. HW. TEPEHTbEBA 


U3Y4EHME KJIETOUHbIX 3JIEMEHTOB KPOBETBOPEHHA 
'  B KYJIbTYPE TKAHEM MPH BO3AEACTBHM HHTHBUTOPOB 
CBOBOJHOPAMKAJIbBHbIX PEAKIMA 


(ITpedcmaenexno axademuxom H. H. Cemexosoim 11 XI 1960) 


Ucxoaa v3 mpescTaBheHu O poOJIH CBOOOMHOpaHKaJIbHbIX COCTOAHHA B 
pa3BHTHU OmyxouleBbIX Mponeccos, H. M. QmManydsJib c COTp. MpeqNowKUIH UC- 
MIOJIb30OBaTb B Ka¥eCTBE MIPOTHBOOMYyXOMeBLIX IpemapaTOB HeETOKCHUHBIe HHTH- 
OHTOPbI pajuKaJIbHO-WenHbIX peakiMH. B 9kKcMepHMeHTe Ha MbBIWIaX C OCTPbIM 
MepeBHBHbIM JIeiko30mM H. M. Omaunyouiem u JI. II. Jlumannok Onima ycraHoBae- 
Ha aHTWJIelKeMH4eCKad AKTMBHOCTS BelllecTB aToro Tuna (7). TlonomuTenbHbIe 
pe3yJIbTaTH ObIIH MOWy4YeHbI TaK%Ke WH MPH BOsLeHCTBHH MHTHOUTOPOB Ha pa- 
KOBbI€ KJICETKH B YCJIOBHAX TKAHEBLIX KYJIbTYp (pak WeHkuH maTKH HeLa) (?). 

B nactoalleh paOote aHTuieHKemMHaecKHH SccdekT MHTHOUTOPOB pasuKaJIbHO- 
WeNHBIX peakWMH Obl yCTaHOBJIeH Ha KYJIbTypaX KJIETOK KOCTHOTO MO3ra H 
JI@HKOWMTOB KPOBM OOJIbHEIX JIeEHKO30M. 

’  KpoBb 4 KOCTHBIM MO3r ObIIM NOy4eHb! OT 21 OobHOrO, C pasHbIMH ~opMaMH 
‘jleiko3a 4 oT 4 300poBbIx JogeH. KpoBb Opaacb 43 JIOKTeBOH BeHbI, KOCTHBIH 
Mosr — myHKuHel rpyquup no M. HW. Apuuxuny. 

Bcero Oniio mocTaBleHo 284 KYyJIbTYpbl C HOPM@JIbHOH KPOBbIO H KOCTHBIM 
mMosrom 4 980 KybTyp C KpOBbIO HM KOCTHBIM MOSIOM OOJIBHEIX JIeHKO30M. Kyuib- 
TYPbI CTABHJIHCb B BUCa¥YeH Kane no Makcumosy u B YauIKax Kappena. B ka- 
yecTBe HHTHOMTOpa B HaLIMX ONbITAX HCNOMb3OBaIaCb BOJOPaCTBOPpUMaA COIb 
NepBHYHOrO aMHHa CO CTpyKTypOH HWoHOJa, cHHTesHpoBaHHaa T. H. Huxu- 
coposnm H K. M. Jiiomaeppim B oTAele, pykKoBoquMom H. M. Smanyaaem, B MH- 
CTHTyTe xuMuYecKoH du3suKu AH CCCP. Muru6utop pactBopssica B *KHLKOCTH 
Tupoge B KonyeHTpauuax 10; 5; 1 uw 0,5 mr-%. [lpm noceze B BuCa4yIO Kamo 
pacTBop penapata JoOaBAICA B CMeCb TWla3Mbl KpOBH MW %KuLKocTH Tupose 
(3: 1), npu nocepe B uamiku Kappenan — B cuHTeTHYecKy10 cpeny 199, co- 
Jep2Kallly10 CbIBOpOTKy KPpOBH YHHBepcabHoro Jouopa (9: 1). B KonTpompupie 
KYJIbTYpbl BM€CTO paCTBOPOB HHTHOUTOpa MoOaBAHCh Te %e OObEMEI MHTa- 
TeJIbHOH cpeqnt. Uepes 24 uaca nocue noceBa KYJIbTYpbl (PUKCHPOBaJIHCb MeTH- 
JIOBLIM CIIMPTOM HM OKPallHBaJIHCb a3yp-3903HHOM. 

Bio ycTaHOBJIeHO, YTO BO3eHCTBHe HHTHOUTOPA TIpH ONpeeJeHHBIX KOH- 
WeHTpaluAxX Ha KYJIbTYPbl MPHBOAHT KaK K WHTOCTaTHYeCKOMy 3ddekTy, Tak 
MK yYCKOpeHUio Co3peBaHHa HesuddepeHUHpOBaHHEIX 9JIEMeHTOB. BbIpaxKeHHOCTb 
STOO SdeKTa 3aBHCHT OT POpMbI NWeHKoO3A. 

BosjlelicTBue MHTMOUTOPa B MaJIbIX KOHWeHTpawuax (go 10 mr-%), Aarzoulee 
WHTOCTaTHYeCKHH addeKT B KYJIbTYpaX KPOBETBOPHBIX KJeTOK OOJIbHBIX JeHKO- 
30M, He BBbISbIBaeT JIECTPYKTHBHbIX H3MCHCHHH B KJI€TKaX KPOBCTBOPHOM TKaHH 
3OpOBoro YeOBeKa. SOPOBbIe KJe€TKH NopaxKaloTcaA JIMIUb Mp 3HAYHTeIbHOM 
MOBbILEHHH KOHUeHTpaluH MHrHOuTOpa. 

IIpH xponvyeckom Jieiko3e B cTaquu OOocTpeHuA UH OCOOeHHO IPH OcTpoM 
Jiehkose MHrHuOuTop B koHUeHTpauHH 10 mr-% BbIsbIBaeT B KYJIbTYpax MpakTH- 
YeCKH TOTAJIbHYIO JlereHepallHio TeMOMOSTHYeCKHX KNeTOK (puce. 1). Ormeuanace. 
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Puce. 1. Lutocratuyueckoe jelicrsHe HHTHOuTOpa (KOHMeHTpauuA 10 mr-%) Ha KeTKH KOCTHOrO 
MO3ra OOJIbHOTO XPOHHueCKHM (BBePXy) H OCTPbIM (BHH3Y) MH9IOeHKO30M. CyTouHad KyJbTypa. 
Muxkpodotorpajun Ha MHKpockone cCpaBHeHHs: @— KOHTPOJIb; 6 — OMnbIT 


Puc. 2. U3s6upateibHaa ycTouuHBOCTh Kpac- 
HBIX AJ@PHBIX KIeTOK K BO3JeHCTBHIO HH- 
rHOHTOpa B KOHWeHTpauHH 5 mr-%. CyTou- 
Had KyJIbTypa KOCTHOTO MO3ra 60J/1bHOrO 
XPOHH4eCKHM MH3J10J1elKO30M 


Z\AH, Tt. 138, Ne 2, Tepentpesa 


Puc. 3. IIpeo6maqaHHe KileTOK FpaHyJOmosTH- 
yecKOrO pxxa B CYTOUHOH KyJIbType KOCTHOrO 
MO3ra OOJ1bHOrO MH3OeHKO30M TIpH Bo3yzeH- 
CTBHH HHTHOuTOpa B KOHUWeHTpanHH 0,5 mr-% 


' 

: 

AKYOMHSAUNA Apa H WHTOMIASMbI, WHTOIH3, MMKHOTMYeCKHe H3MeHEHHA sep, 
apHopeKCuc HW KapuonusHc. CrelyeT NoquepKHYTb OOubUy!0 ycTOH4MBOCTh K 
O3eHCTBMIO MHTHOMTOpa (KOHWeHTpallua 5 mr-%) KueTOK KpacHoro pocTKa 
SPATpoONAacTHI H HOpMOGWaCcTHI) B CAysae MHSONeHKO3a (pc. 2). Sra oTHO- 
WTeIbHaA YCTOMYHBOCTb KPaCHbIX KJIETOK B KYJIbTypaX YyCTaHOBJIeHa Hamu 
jaHee HW JIA Apyrux WuTocTaTHYeCKUHX Tpenaparos (°). 

_ Bosyeictave HHTHONTOpAa B MaJIBIX KOHIUCHTpallMAX Ha KYJIbTYpbl remoro- 
THUeCKHX KJeTOK (0,5 mr-%) MpHBOAHT K HeKOTOPpOMY YyBeIMYeHHIO “HCA 
paHyslomosTHueCKHX QJIEMCHTOB. 


JMeLOBATEIbHO, Mpoiecc cospeBaHHa Ta6Oauya 1 
iequddep eHWLUp OBaHHBIX KJI€ETOK B  KyvbtTypbl KocTrHoro Mosra 6obHOrO XpoHHye- 
MBITHBIX KYJIbTypax Kak ObI CTH- CKHM MH9JOIeiKO30M 
tymupyetca. Mutrencusuoctp 3Toro (ont 15 III 1960 r.) 

polecca Take cBaA3aHa C dopmMol Musno. |, XY*eTYPH 
efiko3a. Tak, Bcuy4¥aadx ocTporo Haspanue xserox —_| rpamma p |*ePeS * CYTEE 
emoluTo6ylacTosa B KYJIbTypax re- BN a hes 


MeeotTHtecKHX KNeTOK OT 3 OOJIb-  poyonauanpuue xuer- 


BiX 43 8 Obi0 OTMe4eHO HeKOTOpoe KH 24,4 | 41,0 | 13,5 
BelmueHve 4NCa rpaHysonosTH- I! paxysonutsi 73,2 | 42,0 | 73,0 
€CKUX 3JIeMeHTOB. B KOHTPOJIbHbIX RA ay aM 5 A 95| 45 
Yaptypax oOMMi MpOWeHT YHCTA  Yeonperenenuste’ Kaer- 

(M9JIOWHTOB, IOHBIX H 3peJIbIX TpaHy- KH — (Pa AL 
(OIMTOB JocTuras 2,5, a B OMBITHBIX 100,0 |4100,0|100,0 


,o. HanGomee pe3sKo BbIpaxkeH 93(p- 

KT CTHMYJIALHH CO3peBaHHA KJIeETOK rpaHyJOMosTHYeCKOrO pxAa B KYJIbTy- 
aX OT OOJIbHEIX XPOHHYCCKHM MH9ONeHKO30M, Mpwuem 9sTOT 9dexT Opi 
TMeyeH B TOM HIM HHOK cTeneHH B100% u3yueHHbIx cyuaeB (11 OombHBIX). 
[pHMep CTHMYJIAILHM Mpotiecca co3peBaHHaA pHBezeH B TaOl. 1H Ha puc. 3. 
_ ip xponuyeckom smumdoueiKo3e (2 OOJIbHBIX C KOJIHNCCTBOM JIHMM@OLUTOB 
JuMoOsactos fo 95%) mpH BOsfeHCTBHH MHrHOWTOpa HMeJI MeCTO JIHIb 
(MTOCTaTHYeCKHH SddeKT, KOTOPHIM CHMKAJICA MapaiebHO C YMeHbIIeHHeM 
OHWeHTpaluu uHruOuTopa. VW3meHeHui B KJIeETOUHOM cocTaBe KYJbTYpPbI OT- 
‘eueHO He ObIIO. 

Hamu HCnbITHIBavICa TaK*Ke XHMHYECKHU AHAaJOr MHTHOUTOPA, He COsepxKallHH 
€aKIMOHHOCHOCOOHOH rpynnbl H MOsTOMY He OO/aaollui CBOHCTBaMM MHrH- 
WTOpa pauKasbHO-WenHbIX peakuu. Brio ycTaHoBseHO, 4TO STOT aHavor, 
BATBIH B SKBUMOJICKYJIAPHbIX KOJIM4eCTBAX, HE OKA3bIBaeT BJIMAHMA Ha KYUJIb- 
YPbI KpOBeTBOPHBIX KeTOK OOMbHBIX JeHKO30M H 30poOBbIX JuogeH. Jimmi 
pH yBeM4YeHHH KOHUeHTpanuu BoBoe (20 mr-%) oTMedasach Jlerenepalua 
POBeTBOPHEIX KJIeCTOK OOJIbHBIX JeHKO30M. OJHAKO HH B OJHOM H3 CJly4aeB HE 
BIO OOHApyxKeHO yCKOpeHHA Mpollecca cospeBaHHA HelMddepeHUMpOBaHHbIxX 
WeToK. CyleloBaTesbHO, MOXKHO JyMaTb, TO yCKOpeHHe Mpowecca cospeBaHHA 
MeTOK ABIACTCA P€3YNbTATOM CHelMpuyeCKOrO JieHicTBHA HHTHONTOpa pajyu- 
AJIbHO-IEMHBIX peakWHH. Hau6osee WYBCTBUTCJIbHBI K HHTHOMTOPY KJIeTOUHbIC 
jemeHTbI rpanysonossa. Vuru6urop, B3sTbiii B OMpeeIeHHBIX KOHI[eHTpa- 
WAX, OKA3bIBaeT H30HpaTebHOe WHTOCTaTMYeCKOe JeHCTBHe Ha JI€HKO3HBIe 
WeTKH, OCTaBJIAA HMHTAKTHbIMH HOPMAJIbHbI€C KJI€CTKH KPOBETBOPHOH TKaHH. 


Llentpaibyblt: = HHCTHTYT Tlocrynuso 
TeMaTONOrHH H MepeHBaHHA KpOBH i XI 1960 


UMTHPOBAHHAA JIMTEPATYPA 


1H.M. SManyoapb,’ J.T. Jiumuuua, JAH, 121, 141 (1958). ? JIT. Jlun- 
BiH a, OxKs Ee ataga, I.T. Adanacbes, H.M. OSmManyoaab, JAH, 131, 
7 (1960). *9.H. Tepeutbesa, H.A. Mokeesa, IIpo6m remaTou. x meperns. 
10Bu, 9, 29 (1959). 


Jloxaann Akagzemuu nayr CCCP 
1961. Tom 138, Ne 2 


MHKPOBHOJOrH, 


JI. HU. BOPOBbEBA 


BJIASHHE HEKOTOPbIX MAKPOIJIEMEHTOB HA OBPA3SOBAHHE 
BHTAMHHA B,, TIPOMMOHOBOKNCJIBIMH BAKTEPHSMH 


(IIpedcmaeaeno axademuxom B. H. Manowxnuxoeom 12 XI 1960) 


B pa6ote usyyasocb BJIMAHHe HOHOB CO*, Fe?*+, Mn?*, Mg?* na oOpa30BaHk 
BuTamMunHa Biz MW pa3BUTHe MpOMmHMOHOBOKHCJIbIX Gaxrep nil. YCTAHOBJIEHO, 41 
JjoOaBnenve Co* B cpexy B 10—20 pas yBenMunBaeT BEIXOX BUTaMuHa Bie. II 
BeIKeBHY H SompoB() HallWIH, YTO BaxKHO cooTBeTcTBHe Co* u Fe?’ B cpe] 
KucsIOTH. B 3aBHCHMOCTH OT COfepxKaHHA MOHHOTO *Keesa OMOXHMMUECK! 
Mpolleccbl B KJIeTKe MepeKJIOUaIOTCA B CTOPOHY OoubWero WIM MeHbIUero Ol 
pa3oBaHia BuTamHHa Biz. M3pecTHo, uTO HeKOTOpbie MHKpossemeHTH! (CaF 
MnSOs, NazMoOs) mpHBoxAT K 3aMeTHOMY paspylieHHIo BHTamuHa. Moun 
MeqH yxKe B KoHUeHTpanun 10-’ 3ameTHO pa3pyiaioT BHTamMuH(?). Mb Bo 
MOJIb3OBaJIHCb OplaHH3MOM, CNOCOOHBIM pacTH Ha YHCTO CHHTeETHYeCKON cpex 
Hekotopple ocoOeHHOCTH SsTOrO OpraH¥3Ma OblIM M3y4eHbI HaMH paHee (°*). 

MeToguKa. Kysbtypy Ip ONMOHOBOKUCJIBIX OakTep Hit (Prop. jensen 
NOWAepKUBAIIM Ha HKUAKOM POKO30-NenTOHHOK cpeye. Ilocme 2 He pasBuTy 
KJI€CTKH OTIeAIH OT cpesbl HeHTpHyrHpoBaHnvem, TIPOMbIBasIH (cboc*opHE 
Oydepom, cycneHzupoBasu B 50 cm® dochopHoro Oydepa H OcTaBIAIM Ha CYTE 
B Tepmoctate mpu 30°. IIpeamonaranocb, uTO 3a 3TO BpeMA 3allac NMTATeIbHB 
BeleCTB B KleTKaX HccaAkHeT. Ilocme sToro KJeTKH ONATh WeHTpHdpyrupoBau 
M 3aJIMBaJIM ONbITHOM Cpesol ceLyroulero cocTaBa: MONOUHAaA KUcCNOTa 1—2% 
(NHa)2SO4 0,3%, acnaparMHoBan KNcnoTa 0,2%, rauKoKon 0,2%, KeHPC 
0,2%, NaCl 0,05%, ZnSOa cneqnt, HsBOs crenpr, CuSOs cueapl; KomHUeCTE 
MnSO.-7H2O, MgSOs-7H2O0, FeCls -12H20, CoNOs -6H2O BapbupoBanu B pai 
JIMYHBIX OMbITaX: O“oTHH 0,5 y/n, THamuH 100 y/n, naHTOTeHOBas KucsOTa 500 y/: 
MAb 50 y/n. Bee aneMeHTbI MMTATebHO Cpebl BLIKPHCTAJIM3OBbIBAIH F 
OMAMCTHIJIATAa H MHOrOKpaTHO MpomblBau, Kpome Toro, cpely Jo ToOaBnenn 
MHKPOSJIEMEHTOB TPIKAbI OOpadaTHIBaIH OPTOOKCHXHHOJIHHOM, CHHMA€IOIIy 
MOHbI TSOKeJIbIX MeTa0B. Y3yuaembli MHKpO9JIeMeHT B Cpefly He BHOCHJI 
Takum o6pa3oM, KsIeTKH B TeyeHve JByX MaccawKeli pociM 6e3 H3y4aemoro MI 
KposiemeHta. Uepe3s 2 cyToK KyJIbTypy BMeCcTe CO cpeqOH BHOCHJH B OMB 
OnsiT cTaBHIM B KOHMYeCKHX KOsGax Ha 50 cm®. Kyubtypy BbilepxuBamH 
TepMoctate mpH 30° B Tesenue 4—6 cyTok. Butamun Bie onpeleiaau poo! 
pouHbiM meTogom c E. coli 113-3 u ec Ochromonas malhamensis. IIpopogun 
XpoMaTorpaduyeckoe onpeseteHHe BUTAMHHA HHCXOJAWIMM MeTOJOM C HCHO 
3OBaHHeM BTOPHuHOrO OyTaHoa, HaCbiIeHHOrO BOOM, B KayecTBe paCTBOp 
TeJIA, C MocieLyoueh OnoaBtorpadnue. 

Pe3yabtTaTu. UToon AaTb npescTaBeHve 06 AaKTHBHOCTH OpraHH3Mé 
OnpeqeiAIM KOMMYeCTBO BUTaMMHa Biz M HaKoMsMeHMe OMOMaCCbI Ha KyKypys 
HOH cpeme (KYKypy3HbIit akcTpakT 2%, rmoKo3a 1%, KeHPOs 0,2%, CoC 
1 mr-%). Ha sto cpene 6axTepnu o6pa3yroT 1500 y/n nu 1875 y/r BuTamuHa 
qaroT 0,8 r/n 6uomaccrt. Takum o6pa30M, KYyJIbTypa BbICOKO NposyKTHBHa 
OTHOMeCHHM BHTAMHHAa MpH pacueTe Ha eMMHULLY Cyxoro Beca KsleTOK. KyubTy 
_pa oOpasyer uetTbipe dopMbl BHTaMHHa, MpHueM WCTHHHAA dopma cocTaBAse 
okoul0 40—50% or o6mero kouHuecTBa BUTaMuHa. Tad. | RaeT npezcTaBieHu 
O BAMAHHH HOHOB Mn wa oOpa3s0BaHHe BUTAMHHAa HM pasBUTHe OakTepHii H 
CHHTeTHYeCKOH cpeze c 1% MomouHOH KuCHOTHI. Kak culeqyeT 43 TaONMID 
CaMoe BbICOKOe OOpas0BaHHe BHTAMHHAa MMeeT MecTo B oTcyTcTBHe Mn. Yx 
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j 
> | 
Ad 
0,002% MnSOs-7H:0 B 2 pasa, a 0,005% HecKombKo Gombe 4em B 2 pasa 
CHWKAIOT BbIXO] BUTaMMHa. Ha pasBuTue OaxTepHit nonbl Mn BA_MMOrO BiMA- 
HMA He OKasbiBaloT. XpoMaTorpaduyeckoe pa3zzenenHe BUTaMuHa (puc. |) moKa- 
gaul0, UTO B oTcyTcTBHe Mn oOpasyroTca 4eTHIPe (opMbI BUTAMUHA. IIpu 00aB- 
JIQHHM MOCJIEMHErO OCTAIOTCA JIMMb TPH COpMBI, MU pa3sjeseHve HWKHeH CopMbI 
_(seposTHo, daxTopa «b») 3aTpyl- 
HeHO. Mapranell 3amMeTHO CHHKaeT : 
o0pa30BaHve HCTHHHOrO BHTaMHuHa. 
Alo6apnenue 0,01% MnSOs -7H20 
IpHBOANT K TOMY, UTO MCTHHHBIM BH- 
TaMHH MOUTH COBCeM He OOpasyerTca, 
-¥M 4em OobIle JO3HpoBKa MaprauHua, 
TeM MEeHBIUee MATHO MpHHaexKUT 
HCTHHHOH dbopme BuTamuHa Biz. 
| Te xe pe3yJIbTaTbI, H, MOKeT 
‘ObITb, elle Govee yOeUTEIbHEIE, T10- 
“JYWHIMCh B OMbiTax, re eMHCTBeH- 
-HbIM HCTOUHHKOM a30Ta Obl CepHo- 
-KHCJIbIM aMMOHHH. B 93Tom csryuae 
Apuc. 2) B oTcyTcTBHe Mapranua 06- 
_pasopasiacb JIMIlb OHA (opMa BHTAa- 
‘MuHa — HCTHHHbIM BUTaMHH Biz; B 
“mpucytcTBun 0,001% u0,01% MnSO. 
TiO-IIpexKHeMy TPH COpMBI, HO HCTHH- 
Haax (cbopma_  ofcytcTByer. 0,02% 
MnSO:, BepostHo, cCHbHO mojasB- 
‘set oOpasopanve BHUTAaMMHa, 1 00- Ns 
aayereA Aue euuuctaestian cpop- Pi. |, Xpowerorpabweessoe pasrenenis srg 
‘Ma, 110-BHAMMoMy, Oe3HYKNeOTHIHBIA —MnSO4-7H20: 6 — Mnuer (qutuanp), 2— Mn 
“axtop «By». OMbITEI, MpoBexeHHbIe HeT (Ko6a), 0 — HCTHHHBI BHTaMuH Bye 
¢ Ochr. malhamensis, NOATBep AHI 
KOJIM4ECTBEHHO 3TH JaHHEIe. 

BauaHHe HOHOB MarHua Ha OOpa3oBaHHe BUTaMHHAa Bie u3y4aslocb Ha CHH- 
TeTHUeCKOH cpefle, H3 KOTOPpOH HOHbI MapraHita ObluiH H3bATHI (TaOM. 2). 
Be3 MarHuA KOwMUeCTBO OakTepHasIbHOH MaCCbI OKa3a/locb B 2 C JIMINHHM 
‘pasa MeHbIlle, 4eM IpH ero MoOaBMeHHH, MpHuem 3TO KoOuMYeCTBO OaKTepuit 
‘octurasocb B KOHUe pasBuTHaA. B nepsBple 2 CyTOK pa3BHTHe OblIO NOTH 


TaOauna 1 


Bauauve HOHOB MapraHita Ha OOpa3s0BaHHe BUTAMHHa By 


@) u e Koauy, BuTamuna By 
= S58 Q 
ales fear i <S) 
Ycnosua z ef) Bap Leak 5s a 
5 x) B 6 Elis 
esse ae ona calle eek 
OTHOcHT. aHadpooHoe — 0,373 85 DAO 
0,002 0,380 40 106 
0,005 0,390 {30,6 92 
OrHocuT. aapo6Hoe 0,402 100 40 221 
j 0,462 45 26 100 


4 


He3amMeTHO, Tora Kak B ombiTax c odaBjenvem 0,05 u 0,2% MgSO. ono 
‘Tipotekato HopMasbHo. MakcHMaJIbHOe HaKOMNeHHe KweTOK HMeJIO MecTO 
mp pu foOapnenuu 0,001 u 0,05% MgSO.a; 0,01% MgSO. — nesgHauutenbHo, 
a 0,02% MgSOs yxe 3amMeTHO CHWKaJIM HakonsMeHue OakTepHaJbHOM MACCHI. 
aKOMNJIeHHe BATAMHHa HaXO{WOCb B MpAMOM 3aBHCHMOCTH OT HaJIMuHA B Cpese 
MarHua. Be3 Marui BHTaMHH He OOpasoBbiBaica. YBemMyeHHe O3HpOBOK 
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marnus or 0,001 no 0,2% MgSO. npaBoqnsto K 06 


LeMy yBeH4eHMIO OGpasona: 


HHA BUTaMMHA. Bove Bcero BHTAMHNA HakanHBATes T1pH LoOOaBienun 0,02% 


MgSOa, M npokyKTHBHOCTS KJIeTOK TIpH 9TOM CaM 


: 


BhIcoKan, CamMoe HH3KOE 


KOMMYCCTBO BHTAMHHAa OGpasyerea pH BoGaBsenn\\ 0,001% MgSOs. Uro xa: 


Ta6Omuna 2 ‘ 


Busine HoHOB Marius Ha OOpasonanne BuTaMHHAa By Ha cunTreTuuecKoli 
cpege ¢ 1,5% mMonounoli KucgOT 


Konnu, 
NaNd Kony, | Gakrepuil, 
nn, MgSO,, % ru (moecyx, 


necy) 
1 — 0,284 
2 0,001 0,730 
3 0,05 0,666 
4 0,1 0,656 
9) 0,2 0,540 
6 —_ 0,33 
7 — 0,34 
8 0,01 0,706 
9 0,05 0,726 
10 0,2 0,666 


OGmee Kou, 
BUTAMUHA By 


Kou, nernn, pur, Byy 


rally % K OOM, 
1 
va ey ¥ “seen se Rt rors : 
Onut Mt 
127,8 176 60 75 48,5 
132,09 200 62 95 46,8 
135 240 62 94 46,7 
149 276 48 90 33 
Onunt N 2 
180 5380 
1400 2000 
1450 2000 
1650 2400 
Mr/wt). 


* B emyuanx NONQ 719 FOGanNen MpeninecrBenuHNK (2 


caeTCs HCTHHHOFO BUTAMHHA, TO OKABANOCh, ATO EPO OTHOCHTEJIbHOE KOJIHYeECTBO 
Tem Oowbiute, VeEM MeHbUIe B Cpexe MarHus. B aOcomMOTHOM OTHOIUeCHHH Cambie 


Puc. 2, Xpomarorpadnueckoe pasyetenne BuTAaMHNA By. a— 
@ — 0,02% MnSOQg- 


Mn ner; 6 — 0,001% MnSOq-7Hg0; 


+7H2O; e — 0,01% MnSOg-7H,O; 0 — Buramnn Big 


BbICOKHE KOVINYeCTBA He- 
THHHOrO BHTaMHNAa OOpa- 
SYIOTCA TPH WOOaBeHHH 
B cpeny 0,05—0,1% 
MgSO, :7HsO. Ha pue,. 3 
IIPCACTABJEHbI (POPMbI BH- 
TaMHHa Bis, oOpasyempie 
pH oOanrennn 0,2 w 
0,1% MnSO.. Bovtputee 
KOJIUYeCTBO HCTHHHON 
(bopmMit oGpasoBayioch B 
npHeyrerpnnO, 1% MnSO.. 
Jlo6annenne B cpely 
nipeymecrBenHuka, —5,6- 
TUMeTHIOCHSHMALasoa, B 
KoMuecTBe 2 mr/J moC- 
Jie 2 CYTOK pasBHTHs B 
HECKONbKO pas yBeHUH- 
paeT CHNTCS BUTAMHHA, He 
BINS = CYULeCTBeEHHO Ha 
pasBuTue OaktepHil, npH- 
yem OOpasyercs JHU 


HCTHHNAaS (bopMa BUTaMHNA. B npncyTrerBUn MpeMecTBENHRNKAa PasIHINbIe O- 
SHPOBKH MArHHs Mado BINTIOT Ha HakorIenHe BuTaMHNa. JLaee HsyYanocD 
BIMAHHE ROSUpOBOK FeCls +12HxO u CoNOs-6HxO, Oxasaiocb, TO pasiH4- 
HbI€ LOSHPOBKH STHX MUKPOSIEMEHTOB H HX NOMHOe OTCYTCTBHE MAIO BINSOT 
Ha PaSBUTHe, HO BIMOT Ha OGpasopanne BUTaMuNa (TAGT. 3). Bes Co Bu- 
TAMUHA WONT He OOpasyeres. 0,25 mr CoNOs na 100 Mai ObWO ONTHMAIbHBIM, 
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ay 
0,5mrna 100 mi HecKoOIbKO NoAaBAANO BUTAaMMHOOOpasoBanne. ITIpu WoOaBe- 
uu 0,1 mr FeCls na 100 mu pasBurne Gaxrepuit HeckonbKO yBennunBaercs, a 
MTaMMHa OOpasyetcsA CTOMHKO Ke, CKONbKO H Ges xeNIesa. pH HaH4HH TOKO 
“wKele3a H B OTCYTCTBHE fosanpta o6pasyercn Kpaline Mao BuTamuna. V3 
JAPYPHX MAKPOSIeMeHTOB CYeECTBEHHOe BIMAHHeE Ha PasBHTHe MpormHOHOBO- 
KHCIBIX OakTepHit OKasbIBaIOT MOHD! Kans. 
B ofcyTcTBve HOHOB Kana BCAKOe apsBuTHe 
OaxtTepHi mpekpamaocn. 
OO6OcyxAeunNe, HackonpKo mpi mo- 
prem CYMTb, paOoT O BJINAHHH MOHOB Map- 
‘anila M MarHHA Ha pasBuTHe H OOpasoBanne 
BHTaMHHA Biz MpoOmMOHOBOKHCJIbIMH OaKkTe- 
puamu Her. Tem ne Menee, STH MUKPORIeMeH- 
bl OKA3bIBAIOT CYINeCTBEHHOe BJIMAHHeE Ha 
BEIXOX, BUTamMHHOB. MnSOa B_ koulMuecTBe 
0,01% sHa4uuTeNbHO CHMKAaeT BbIXO, BHTAa- 
muna. Tpyquo noka oGpacniTh npHanny 
‘Takoro BUIMAHHA. Uto KacaeTCA pom Marna 
B BUTAMMHOOOpas0BaHUN, TO MOXKHO TIpe;no- 
JOKUTH Cepyiouree: 
 B ofcyrersve marHua HM TIpM ero He3sHa- 
WTeNbHOM coxeprxKaHHH (0,001%) pasBuTne 
Oaxtepuit orcraer oT HOpMbl HW Jiardasa 
pactanyta. Ilo yannpm B. YL. Maxkapesuu Puc, 3. Xpomarorpaduueckoe  pas- 
XT. Jlasuuxkosoli (*) pasimanpie copmbl BU- Aewenve BATAaMHHa Bis. a — HeTHH- 
Tamuna Biz o6pasyiotca neoxuospemenno, MP! Biss fe ae eeve 6— 
Cnayana oOpasyerca ucTHHHDIi BUYTaMHn M hk bie 
AMI NOsyqHee — nceByodpopmbl. BeponTuo, npH AePpunuTe Marna OOpasoBanne 
MiceBsocopm He ycneBaert npouTHn AO Kona pasBUTUA (5—6 pHelt), Tem Oovee 4TO 


TaOmuna 3 
‘ 
Buusanne yosupospok CoNOg, nwa oOpasopanne puramuna Bye 


Konnu, puramuna Byy 
Konn4. o6ann, MUKpooneMenToR Pah d hoe sUALE IS es 
(na 100 em a 
v/a y/r 
Koutpoup 0,442 0,005 10 
0,25 mr FeCls-12 H,O 0,473 6,75 14 
0,25 mr CoNO;:6H,O 0,462 150 320 
0,25 mr CoNOs3-6H,0O -- 
-+-0,1 mr FeCls-42 HyO 0,473 150 310 


B CHHTeTHYeCKON cpese pasBuTHe OaKTepHi oriMuaeTcaA BOOOMIe Ooo pac- 
TAHYTOCTbIO. BeneqcTBve 9sTOrO OTHOCUTE/IbHbIe KOJIMUeCTBA ACTHHHOFO BHTA- 
MHHa TPH MaJibIX JOSHPOBKaX MArHAA OKASHIBAIOTCA BHIMe, a OOuLee KOMMUeCTBO 
BUTAMHHAa MeHbuUe. JLoOaBenve npesuecrBeHunkKa B Cpey BO MHOrO pas Obvler- 
YaeT CHUTES CNOMKHCHIUCH MOJICKYJbl BATAMHHA Ha CTOMb OeHO CHHTeTHYeCKOH 
pease. C mpeyiecrBeHHuKOM pasvinunble MOZHpOBKH MarHHA yrKe HecyilecTBeH- 
HbI, 4YTO OObACHAeTCA TeM, YTO MOOaBNeHHe NpemmecrBeHHAKA CHHMaeT HeOb- 
XOJMMOCTL pAya cTaH, MIA OCyUleCTBICHHA KOTOPHIX Obl OcoOeHHO Heo6- 
XOJMM MOH MArHHs. , 

 B sakmovenve npanowy rayOokyio OnarofapHocTh pyKOBOLUTeO paboTDl 
akan. B. H. Wanomnnxosy, 


UncrutytT MAKpoOnonorun Tocrynuao 
Akajemun nayk CCCP 21 X 1960 
WHMTHPOBAHHAS JIATEPATYPA : 


1J, Pawelkiewicz, K. Zodrow, Acta Biochim. Polon., 3, Ne 2 (1956), 
H. Denise, M. Dawbarn, S. Jean, Austral. J. Exptl biol. med. Sci., 5, Ni 3 
957). ®%JI.W. Bopo6Opbesa, Kany. mucceptauna, M., 1958. 4B. T. Makape- 
uu, T. Jliasuuxkosa, Bonp. meq. xuM., 3, B, 2 (1957). 
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Jloxknann AkagqemMuu nayr CCCP 
1961. Tom 138, Ne 2. "4 


MHKPOBHOJIOrH A 


r. C. HAKH®OPOBA 


PE3YJIbTATbI HSY4UEHHA MOP®OJIOTHH YACTHIL BUPYCA 
TABAYHOM MO3AHKH C NOMOLMIbIO JJIEKTPOHHOrO MHKPOCKOTIA. 


(ITpedcmasaeno axademuxom T. JI. JTvicexxo I XII 1960) 


C MoMOmbIO 3JIEKTPOHHOFO MHKpOCKoMa HaMH ObIIO MOKa3aHO, 4TO 4YacTHLa 
BTM mpegctaBasaeT coOoH Tyro ckpyyeHHyto cnupanb (*). Tlosxe Hamm 2aHHbe 
ObIIH TOLTBEpxKTeHbI MeTOJOM udpakWHH peHTTeHOBCKHX wyuer (?,3). Tlo 
cxeme, mpeqwowkeHHoH PpanKkiny (*), BUpycHad uacTHila OOpa3s0BaHa cmupa- 
IM3alveH OeIKOBOH MHLUCIIbI BOKPyF WeHTPaIbHOM MOJIOCTH payHycom B 0A. 

BoJIbIIHHCTBO ABTOPOB CUHTAJIH, YTO B STOM NOJOCTH HAXOMHTCA HUTb HY- 
KJIeHHOBOM KuHcuoTEI. Tak, Ltaxman u Kec6epr (*) mp BbICyIMBaHHH BUpyca 
H3 3aMOPOXKeHHOTO COCTOAHHA HaOMIOaIH KapTHHbI pa3ssioMa WaCcTHIL Ha Mo- 
MlepedHble (pparMeHTbl, M@XKLY KOTOPbIMH MO OCH 4aCTHUbI Ob BUAHbI TOHKHE 
TAXKH, IpPHHATHIe aBTOPaMH 3a HYyKJeHHOBy!O KuCcsIOTy. IloqoOnylo KapTHHY 
HaOmogan Uipamm mpu o6pabotKe BTM (°) menoubio wu XapT (°) npu Boszen- 
CTBHH JOJelMIcybpaToM HaTpHA pH MOBbIMeHHOH TemMepaType. OgHaKko 
PeCHTTeHOCTPYKTYPHbI aHaJIH3 He NOATBep2xKJaeT LEHTPasbHOe NOgowReHHe PHK 
B BHpycHol uacTuye. Bricuntano, uro PHK Haxogutca OT WeHTpa 4aCTHUbI Ha 
paccrosnuu 40 A, rorga Kak OeoK BCero Mu Ha pacctosHHu 25 A (’). 

Xoume H @OpanksuH (°) NosarawoT, YTO HYKJICHHOBaA KHCJOTAa JeKUT Py- 
60KO B BUpycHoM OekKe HW ee pacioomKeHHe B 4YACTHUe XOpomlo «mosorHaHo» 
K Oenky. Jia Toro 4TOObI CyAHTb O IIpocTpaHCTBeHHOM pacnosoKeHHH OeKa: 
M HYKJICHHOBOM KHCJIOTbI! B BUpyCHOH WaCTHIe, MbI MbITaIHCbh «paCKpyTHTb» 
ee, HCHOJIb3yA B KAYeCTBe MOBEpXHOCTHO-aKTHBHBIX BeULECTB Pa3JIH4YHbIe CNUPTHI. 

PaOota npoBosusiacb KaK Ha O“HMICHHOM Mpenapate BUpyca, TaK HW Ha COKe 
OombHOro TaOaKa. IIpuH 3ToM ObWIO ycTaHOBJIeHO, YTO PaCKPYyTHTb Y“aCTHLY 
BUpyca H3 OUMMeEHHOrO Mpenapata oveHb TpyAHO. Kak npaBHio, IpH OOpaboTKe 
OUMLICHHOTO MipenapatTa BHpyca MeTHJIOBbIM, STHJIOBbIM H OYTHJIOBLIM CHupTaMu 
BHPYCHble WaCTHIUbI pasOyxaJiuH, a 3aTeM Pa3JIaMbIBAJIHCb Ha M@JIKHe WapHKH. 
V1 Toko pH OOpaboTkKe aypHHOBLIM CNMPTOM MpH MOBbILICHHOH TeMepaType 
(5 mux., 80°) OblH Mowy4eHbI KAPTHHbI pasHoOH CTeNeHH pacCKpyTKH BUpycHolt 
WacTHIBI. 

B calyuae NOHOH pacKpyTKH BUpyCHble YacTHUb! OLWIM NpeACTaBJIeHbI JJIMH- 

HBIMH TAKAMH, KaxKAbI W3 KOTOPbIX COCTOA H3 ABYX MapaJIeIbHO Me*KAaMx 
MHe. Takve pacTAHYyTble YaCTHIUbI OYCHb HEYCTOMUMBHI HW JIerKO pacmayarorcs 
Ha KOpoTKHe dparmeHTpl. Pexe MbI HaGuJOAaIH HeEMOJHY!IO paCKpyTKY 4aCTHIL, 

“Kora CiMpadb Oblla packpyyeHa TOJbKO c ofHoro Konia. IIpu stom oOnapy- 
*KUBAJIMCh paCXOAAMIHecA MOM yIJIOM HIM NapasebHO NeKalve Be MUlleJ- 
mbt. B JanpHeliiiem Oblwio ycTaHOBJeHO, YTO HaAOMOLAaTh CNMPaMsallMio YacTHL 
MOXKHO HM 6e3 BCAKOH OOpaOoOTKH BUpyca, eCJIH BPpeMA M@XKTY BbIeeHHeEM BH- 
pyca H3 KJIeTKH H HaHeCeHHeM ero Ha CeTOUKY He peBbliiaeT 2—3 ceKyHI. 

B 9TOM cIy4¥ae MbI MpOBOAHAH MpHroTOBeHHe NpenapaToB cJIeLyIOULHM 
o6pa3som. B pyyHow mpecc 3aKksaqbIBaIHCb B HeCKOJIbKO CJlOeB 3apaxKeHHble 
JiucTba TaOaka (Nicotiana tabacum). Cok, BbIJeMBUIMHCA pH MepBOM pe3KoOM 
HaXKHME Ha IIpecc, 3acacbIBaJICA B MAKPONMMeTKY HM TYT Ke HaHOCHJICA Ha MIpH- 
POTOBJICHHY!0 3apaHee CeTOUKY, HM KarJI0 OBICTpO OTCaCcbLIBaIH OOpaTHO. CeTouKH 
HAIIbLIAJIMCb XPOMOM H MIpOCMaTPpHBaJIHCb B 9JICEKTPOHHOM MMKpocKone MpH 
ypemmuenuu 7000 pas. 

IIpH mpocmotpe nog OMHOKYJIApOM MOJIYYeHHBIX C TAKMX NpemapaToB CHEM- 
KOB ObIJIO 3AMeYeHO, YTO MWIOTHOCTh YMaKOBKH CIMpaH y pa3sJIM4HBbIX “acTHL 
pasJIM4Ha: Y OMHHX BUTKH CHHpPaJIM YJIOXKeHbI MIOTHO O4Ha K OHO, y Apyrux 
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Puce. 1. a — uactuutt BTM u3 ounmenuoro npenapata. CnupaibHad cTpykTypa He OOHapy2KH- 
BaeTca; 6 — yacTHubt BTM u3 coxa TaGaka 5-qHeBHOro 3apaxenua. Ilpu yBetnuennu BHAHA 
cnupalbHad CTpyKTypa; MO JWIMHe OHH HECKOJbKO OOJbUIe YACTH H3 OUHMEHHOrO mpemapata; 
@ — uacTtuubt BTM u3 coka MosawyHOro TaOaka. UacTHlbl BHpyca arperHpOBaHbl OOKOBLIMH M0- 
“} BepXHOCTAMH, OOpasyA KBapaTHble WacTHHKH; MpH yBeIHYeHHH BHIHEI BHTKH cnupatny | 


Puc. 2. Kaptuua packpyTku uactHy BTM u3 ounmeHHoro mpenapata BHpyca Of BOsLelCTBHeEM 

laypHHOBOrO cnupTa; @ — oOmHH Buy; 6 — yuaCTKH CHHMKa @ pH OOJbIIeM yBeIHUeHHH; 

YaCTHUBI MpeACTABJIeHL! JBYMA MapaJVIeIbHO NeKavIHMH MHUeaMu; 6 — pyro jyuacTOoK Toro 
we CHHMKa; BHJHa pa3Had CTeMeHb pacKpyTKH 


Puc. 3. [ipa ppixsio cnereHHbIx yuacTka Cc puc. | 6 mpH OoubINeM yBeJIHYeHHH, BHAHO B3aHMHOe 
flepenueTreHHe MHIMeJI 


OAH, rt. 138, Ne 2, Hukudoposa 


a 


com 


a 


a 
, ay 
oz 


a on 


Pe Firs é sy Me a i * : 
ms a mie. « eae oe 


‘a * 
tan al 
ee 


MeTeHEI pbIxX0. Y mpeoOsazaromlero OOJbINHHCTBA YACTHIL MIOTHOCTb yra- 
BKH CIHpasH Oba HeOofHOposHa No AHHe. II]pu sToM cnupadb OMHUX 4aCTU 
IXJIO CIIeTeHA B ee CpeHel YaCTH HW NOCTeMeHHO YIJIOTHAMACh K OOOHM KOHILaM, 
yTHX — PbIXJIO ClivleTeHa C OMHOFO KOHMa HW MOcTeMeHHO YNJOTHAMACh K Apy- 
My. CuleqyeT OTMETHTb, YTO yNJIOTHEHHeE CHHPpanH MpOWCXOAHT HaCTObKO 
ICTPO, 4TO HAOMOPATb PbIXO CIJIeETCHHbIC YACTHULI HAM YWaBaJIOCcb JIIb Ha 
pBOH MpHroTOBMeHHOM cerouke. Ha mpenapaTax, NpHroTOBJIeHHbIX Ha M0- 
eM YIOWUX CeTOUKAaX H3 TOM 2Ke CAMOHM KalJIH, KOTOPaA OCTaBasacb B MMNeTKe, 
IPYCHbIe UACTHIUbI HMM yxKe BU NOTHO ynaKOBaHHOH cnupawn. 

IIpH ynuOTHeHHM CNHpasiM BUpyCHble YaCTHUbI COKpalllaiwTcA no DaHHe Hu 
yHOOpeTaioT OOBMHEI BU rialKux manouex. Korga BupycHas yacTHla uMeeT 
il MWIOTHO yMaKOBaHHOM CHMpasH, TO e€€ JerKO pa3spbIXJIHTb, OOpadaTbIBaa 
—2 MMHYTbI) Kalit0 COKa TYT 2Ke Ha CeTOUKe STHOBbIM CnupToM. Ec xe 
ipycHasd wacTula mpHoOpesa dopmy riaqKOH NasOUKH, TO ee paCKPyTHTb 3THM 
lOcoHoM yxKe He yaeTca. 

Ilo-BHyuMOoMYy, YIJIOTHEHHe CupaiH BUPyCHOH 4YaCTHUbI CO BpemMeHeM TIpo- 
‘XOJHT TakxKe HM B KeTKe. Tak, NpH ObICTPOM HaHeCeHHM Ha CeTOUKY COKa' 
(aka 5—6-QHEBHOTO 3apaxKeHHA (B 9TO BPCMA KPHCTAaJNbI BApyca OObIMHO He: 
HAPYKUBAIOTCA) BHPYCHbI€ YaCTHUbI ObIH HACTOJbKO PbIXJIO CIMETCHLI, ITO 
< WIMHA Oba Coble AIMHbI YACTHU, HMCIOLNLHX BUA riaykKou manouku. Korya 
€ Ha CeTOUKY HAHOCHJIH TeM Ke CNOCOOOM COK 43 MO3aHuHOrO JIHcTa (re NoYTH 
Cb BHPyc HaxoOMWICA B KpHCTasax), TO BUPYCHble GaCTHUbI ObIIM TyrO CKpy- 
HEI B CIMpaJib H NO AVIHHe NOYTH He OTJIMNAIHCb OT YACTHI, H3 OUNIMeHHOrO 
yellapaTa BHpyca. 

Ilpu yBeHueHHH CHHMKOB PbIXJIO CIVICTCHHBIX YACTHI, OTYCTIIMBO BUZHO, YTO 
1M COCTOAT H3 TepeneTawouluxca ABYX MULeJI. 

Tlockowbky Np OTYIeHeHHH HYKJeCHHOBOH KHCJIOTbI A3OTHOKHCJIBIM CTPOH- 
fem (1 M) wacTuya, packpyynBasch, NpoouKaeT OCTaBaTbCA COCTAaBJICHHOH 
3 JIBYX MUIleJJI, Mbl MosaraeM, YTO NpHposa OOenx MULE OelKOBaA. 

Ham HH pa3y He yflasiocb HaOsI0qaTb pacnonoxenue PHK B BupycHon 4a- 
Mile. OfHAKO B3aHMHOe -MepenseTeHve MUIeJJI WaeT OCHOBAHHE CUUTATb, 4TO 
HK Takxe yuacTByeT B STOM CileTeHHH, T. €. €€ HHTb TAKKe CIUPaNH30BaHa, 
la, KAK 9TO NOKa3aHoO B paboTe Xapta (°), NpH H3BIeeHHH H3 BAPYCHOH yacTH- 
| HYKJIGCHHOBAA KHCOTa, packpyuHBasch, OOpasyeT JVJIMHHbIe TAXKH, BO MHOFO: 
13 TIPeBbIMaloulve JVIMHYy OObIKHOBeHHOM BHPyCHOH YaCTHIBbI. 

BxoauT IM HYKJICHHOBAA KHCJIOTa B CHUPaJIb TpeTbeH MHLeIOH WIM OHA 
IXOMHTCA BHYTPH KaxKJOH OeNKOBOH MHUEJVIbI, WOJKHO ObITb BbIACHEHO IIpH 
\IbHeHINeEM HCCJ1eqOBaHHH. 

B3avMuoe MepeniereHHe MHC MO THY WHypa McKyIO“aeT HaMUNe B 
IpYCHOM YaCTHMe WeHTpasIbHOM CTepKHEBOM MOMOCTH TaK, KaK 3TO MpescTaBule- 
) no cxeme MpanknuH. Ha nowyyeHHbIxX HaMH CHHMKaX BHJHO, YTO MOJOCTb 
1XOMHTCA MEKLY MepeneTaiouuMuca Muletiamu. Ilo @opme ona HaMOMMHaeT 
IOXKEHHBIC B PA BOCbMEPKH, H €€ pasMep 3aBHCHT OT CTeMeHH paCKPyTKH CMH- 
WH. Crep2KHeBad 2Ke MOOCTh OOpasyeTCA TOIbKO B Clyuae NOMHOM pacKpyTKH. 
IpyCHOH 4aCTHILI MeKLy ABYMA MapaieIbHO JlIexKAaULHMH MUHIleaMH. 

IlockombKy pH W3BIeueHHH BUpyca H3 KJIeETKH NpOMCXOJMT yMJOTHeHHe 
(Mpau, Ce yeTCUHTATh, 4TO LMpoBble JaHHbIe CXeMbI OpanKJHH, NOJyYeHHbIe 
8 OUHICHHOM penapate BUupyca, BepHbI Wid TYrO CKPYYeHHbIX YaACTHIL U HE 
\OTBETCTBYIOT Pa3MepaM PBIXJIO CMJIETCEHHbIX BHPYCHbIX 4ACTHIL. 
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# D. Watson, Biochim. et Biophys. Acta, 13, 10 (1954). *®*R.E. Franklin, 
gure, 175, Ne 4452, 379 (1955). *M. A. Stahmann, P. Kaesberg, Phyto- 
fgepgy, 45, 187 (1955). © G. Schramm, G..Schumacher, W. Zillig, Zs. 
aturforsch., 10 B, 481 (1955). © R.G. Hart, Proc. Nat. Acad. Sci. U.S. A., 41, Ne 5, 
{1 (1955). 7R.E. Franklin, Nature, 177, Ne 4516, 928 (1956). °K. C. Hol- 
ms, R. E. Franklin, Virology, 6, Ne 2, 328 (1958). ® R.G..Hatf, Biochim. et 
ophys. Acta, 28, Ne 3, 457 (1958). 
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Jloxnagp AkazemMun nayr CCCP 
1961. Tom 138, Ne 2 


MHKPOBHOJOFH 


E. H. CKAJIMHCKHM u E. H. KOHXPATBEBA 


HOBbIM BU 3EJIEHbIX CEPOBAKTEPHU 


(IT pedcmaeaeno axademuxom B. H. Ilanownuxoesim 10 XII 1960) 


vibe 

B TeyeHve nocieqHHX sleT Ha Kadeype mMuKpoOHosorHH MockoscKoro yHI 
BepCHTeTa MIpOBOAUTCA paOoTa No M3y4YeHHIO *OTOCHHTeSHpyIOuINX OaKkTepHi 
B mponecce paOoTbt OblIH BBIeIeHbI YHCTHIE KYJIbTYPbl Pa3/IM4HBIX BUC 
IIYPIMypHbIX HM 3eNeHbIX CepoOaKTepHi. 

TlocmeqHve OpraHH3MbI OTHOCHTebHO MaJIO HccIeqoBaHbl. Ilo HeqaBHer 
BpeMeHH ObIIH H30JMpOBaHbl B UHCTEIX KYJIbTYpaX BCeroO TPH BHJa 3eJieHbl 
cepoOaxTepHit. Bce oHM NpHHagqexat K pony Chlorobium (van Niel 193: 
Larsen 1952, Mechsner 1957). 3 Hux tompxo C. chlorochromatii, o6pa3yroup 
CHMOHO3 C KaKHM-TO OeCUBeTHBIM MAKPOOpraHH3MOM, MOryT pacTH Ha OpraH} 
yeCKHX cpesax. CBoOoqHOmKuUByulMue BUZLI Chlorobium — C.limikola Nadso 
(1906) u C.thiosulfatophilum Larsen orHocaTt k oOMraTHbIM aBToTpodam. 

B cBa3H C 9THM TIpescTaBuIM HHTepec CBOOOAHOXKUBYLIME 3eJIeHbIe cept 
6akTepHH, MMeIOIHe pA OTMMYMM OT ONMCaHHBIX BuZOB Chlorobium. Uncts 
KYJIbTYPbl TaKHX OMHOKJICTOUHBIX OPFaHH3MOB OBWIH BbIeeHbI Ha Kacesp 
muKpoOuouorHu Mockosckoro yHuBepcuteta B 1958 r. 

To, 4TO BbIJeeCHHbIC MHKPOOpraHH3Mbl MIpHHalewKaT K 3eJIeHbIM Cepobak 
TepHAM, JOKa3bIBaeT COCTaB HX MMTMeHTOB HM XapaKTep oOmena (°, 4,1). Or 
aHaspoobl, (oTOABTOTPOPbl; OHH OCYIMIeCTBIAIOT POTOCHHTe3S Oe3 BBbINeICHH 
KHCIOpOsa H TpeOyloT MpHCyTCTBUA B Cpese OMpeesIeHHIX OKHCJIACMBIX COeLY 
HeHHH. 

-B oTuuaHe oT CBOOOAHOKUBYLNX BUAOB Chlorobium, BbiqeneHHble OaKTepH 
pacTyT He TOJbKO Ha MHHepaJIbHOH cpeye c CepoBOZOpOsoM, HO HM Ha cpella: 
C pa3JIHYHLIMH OpraHwueckuMH coeqHHeHHAMH. Jlyumiee pasBuTMe OakTepHi 
HaOsoqaeTcA Ha cpefle C STHJOBbIM CIHpTom. 

Buayane mpesnosarasocb, 4TO BbIAeeHHbIe MHKPpOOpraHH3Mbl ABJIAIOTC:! 
HOBLIM BuoM Chlorobium. OgyHako Gomee TuLaTeIbHOe H3y4yeHHe MopdovorHl 
MlOSBOIMIO OTHECTH HX K pogzy Chloropseudomonas (°) 4 mpeqmowKUTb Ha3BaT 
Ch. ethylicum. 

B cBeTlonosIbHOM MHKpockone KeTKH Ch. ethylicum BbITIa,AT Kak oueHI 
KOpOTKHe MasioukH, pa3smMepom 1—1,5 x 0,7—0,9 w, u, B oTmuuue oT Chloro 
bium, o6HapyKuBaloT CNOCOOHOCTS K AKTHBHOMY JBuxKeHHIO. J BUxKeHHE KETO! 
HaOsofaeTca Mp pocTe HX W Ha MHHepaJIbHOW cpelle U Ha OPraHWuecKkHx cpelax 

Jlanbuetitee u3yueHHe Mopdosoruu Chloropseudomonas ethylicum Onur 
TIpOBeJeHO C MOMOMIbIO 9IEKTPOHHOrO MuKpockora. Ja cpaBHeHHaA NMpoBOLWI 
aHajiorHuHble uccefoBpanua Chlorobium thiosulfatophilum — TunuuHlx mpeg 
CTaBUTeNeH 3emeHbIX cepoOaxTepuit. Ch. ethylicum BEIpaniHBanu Ha MHHepaJib 
HOH cpeme JlapceHa c cepoBOJOpofoM HM MOBbIMeHHbIM coxepxKaHHem NaCl 1 
MgCle unm na cpeye c sTHOBEIM cnupTtom.C. thiosulfatophilum BriceBanu Hi 
oOblyHy1o cpeny JlapceHa c cepoBoxopoxom uu THocysbdatom. Bain uccae 
WOBaHbI 2- u 6-QHeEBHbIe KyIbTypbl. IIpenapatet 2a 9eKTPOHHOM MUKpOcKo 
NM TOTOBUM MyTeM aXcopOuMM KeTOK Ha KONNOLMlMyIO NOMNOKKY HeMocpes 
CTBEHHO M3 KYJbTypabHOH cpefbl H MosBepramH 3aTem KOHTpacTHpoBaHHK 
Xpomom (HambieHue). 
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Puc." 1. a — e — Chlorobium thiosulfatophilum. a — qemenne KueTOK B 2-,HeEBHOM KyJIbType; 
| Buna TakxKe O6OMOUKA H YaCTb CIM3HCTOM KalcyJibl; 6 — KsleTKH B 6-HeBHOH KyJIbType; 
| BL KJIeTKaX 3aMeTHBI TeMHBIe rpanyJIbl; 6 — WerlOuKa KJIeTOK; 2 — lemouka KJeTOK MIpH OOJIbINeM 

YBeCJIHYCHHH; BHeH CIMBHCTHI Tax; O — 3 — Chloropseudomonas ethylicum: 0 — TumH4HaA 

bopMa KJleTOK CO 2KyTOM, OTXOJAMIMM OT MpoToracta; e— eeHHe KeTOK (Cc MMHepasbHOH Cpe- 

jbl): “e — JlesleHve KJleTOK (c OpraHHuecKOi cpesbl); 3 — CKOMJIeHHe KJeTOK B 6-HeBHOM KyJIb- 
Type. a, 6, 2 —3— 100 000 X, e — 5000 X 


JLAH, vt. 138," Ne 2,,Ckanuuckui H KougpatTbena 


—. 
_ f 
\ 
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 Tipopegennpie Ha6u0eHuaA NoTBepAMJIH yKa3aHUaA pAMa aBTOPOB O TOM, 4TO 
suetTkH Chlorobium umetot dopMy KOpOTKHX MasloueK C OKPyrJbIMH Kpaamu 
1 pa3MHOxKalOTCA MomepeyHbIM JeteHHem. Iloce feneHWaA KJIETKH 4acTO He 
JACXOMATCA HU OOPASYIOT LleNOYKH pasJIMYHOH WinHEI. B Takux Wenoukax KeTKH 
‘BASAHBI CMSMCTHIM TAXKOM-Karicyuion (puc. | a — 2). Tpyrux mo dopme KeToK 
3 KybTypax Chlorobium oOHapyxKeHo He ObLIO. 

Ilo dopme u pa3mepam kaeToK Chloropseudomonas oyvenb noxox Ha Chlo- 
‘obium. Ho nocae feneHua KeTKM OObINHO OBICTpO pacxOAATCA HM lemoueK 
de oOpa3yioT. OcHoBHoe xe oTH4He Ch.ethylicum oKa3asocb B HamMuHH y 
kleToK *%KryTHKoB. Kak npaBHo, Kaan KeTKa Ch.ethylicum (c MuHepaJbHor 
iM OpraHvyeckow cpefbl) cHaOxKeHa OJHHM AVINHHbIM (B 3—4 pa3za JHHHee 
<IeETKH) 2KXTYTHKOM, ACMHMMETPHUHO OTXOAAMLMM OT MaTepasbHOM 4YaCTH KJeTKH 
ipuc. 1 0O—3). 

B 1937 r. Czurda a. Maresch(°) o6HapyxKHH 3eeHbIe NOABHXKHbIC MUKPO- 
)pra@HH3MbI, KOTOpbie OHH HasBain Chloropseudomonas HM OTHeCJIM K .3ee@HbIM 
vepoOakTepuam. Ojuako no3sfHee Chloropseudomonas G6bimu ycoBHO oObelH- 
#€HbI C pogom Chlorobium (°), BepoATHO, MOTOMY, YTO HHKaKHX HOBbIX JlaHHbIX 
}0 STHX OpraHH3mMax He MOCTYNHJO. 

Vi3yuenve CBOUCTB BHOBb BbIJ@JICHHbIX 3eJICHbIX CepoOakTepHit MOKa3bIBa- 
T, YTO, BOSMOXKHO, C/IeLyeT COXPAHHTb STOT PO 3eeHbIX cepoOakTepuit. 


Tloctynuao 
21 X 1966 


UMTHPOBAHHAA JIMTEPATYPA 


Peon Ti pram bejBaa, Wl. 9B. Mo me Himes a, JAH, 135, Ne 2.41960). 
ml. A..Heag.coux, - sp. CLI6. or. cana, 6, 8. 5—6, 190 (1906))} °B.H. Wlanown u- 
mos, EF. Ho KonpApatbesa, FE. H. KpacuabuuKkosa, A. A. Pa Meu- 
vk asa, JAH, 129, N26, 1424 (1959). *V. V.Shaposhnikov, E.N. Kondratieva, 
V¥V.D. Fedorov, Nature, 187, 167, Ne 4732 (1960). ° Bergey’s Manual of Determina- 
tive Bacteriology, 1948—1957. °V.Gzurda,E.Maresch, Arch. Microbiol., 8, 2, 99 (1937). 
WH. Larsem, J. Bacteriol., 64, Ne 2, 187 (1962). ®§ K. Mechsner, Arch. Micro- 
MemezonNe le 62 (1957), 2 CB. van Niel, Arch. Microbiol., 3, H. 1) 1 (1931). 
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Jloxaann Akagemun nayr CCCP 
1961. Tom 138, Ne-2 


BHOXHMH. 


lr. W. FEOPPHEB 


BbIJEJIEHME WH XAPAKTEPHCTHKA PHBOHYKJIEHHOBOM 
KHCJIOTbI XPOMOCOMHO-SAPbIMKOBOrO ATITAPATA 


(IT pedcmaeaeno axademuxom A. H. Onapunoim 21 XII 1960) 


Axsropaavorpaduyeckue (*~*) w Ovoxumuyeckue (4°) ucceqoBaHHA nocueE) 
HUX JleT MOKa3bIBalOT, UTO MeCTOM CHHTe3a PHK kuieTKH ABsIAeTCA KMeETOUHC 
apo, H B YaCTHOCTH e€fO XPOMOCOMHO-SPbINKOBLIH annapat. IlockompKy pl 
OOHYKJCONpOTeHAbI AMLPbIWeK H XPOMOCOM MIpefCTaBJIeHbI PpanyJiaMu, HanoM! 
HaIOLLUMH THIMYHbIe pHOocompl (’, *), BeCcbMa BEpOATHBIM Ka3a0Cb MpesnonoxK 
HHe O TOM, YTO B XPOMOCOMHO-SpbILUIKOBOM alllapaTe NpOHCXOANT OOpa3z0BaHe 
rOTOBOH PHOOCOMEI, Cosep*Kalleh BbICOKONONMMepHy1o PHK. 

Jina mpoBepKH STOFO MOJOKEHMA MbI MOCTABHJIH 3aayeli ONpeAeHTh HEKC 
Topple cBolicTBa PHK, Bxojalle B COCTaB XPOMOCOMHO-sApbILIKOBOrO annapate 
OObldHbIe METOLHI BHILeICHHA WH PpakKUMOHHpoBaHHaA ADep (°) npeqcTaBasatoT cc 
6010 JWIHTeIbHYIO Npolesypy, B Mpomecce koTopoH PHK moxer noxBeprHyTEc 
nerpagauun. IIpapga, B Hate padote c O. II. Camapuuoii (°) Obi0 NoKasaHc 
4TO XPOMOCOMHO-ApbuuKOBaA PHK, BbigqeseHHaad 43 NeweHH Kpbichl, Ha 80—909 
ocawyaetca 2M NaCl (TecT Ha TloJIMMepHOcTb), OHAKO Mp HCCeEOBaHHA 3TO 
PHK B yabTpalleHTpHyre He OblulO NOyYeHO ACHBIX Pe3YJIbTATOB. * 

B nauleii pa6ote c B. JI. Mantpesot (7°) 6bl10 MOKa3aHO, 4TO MOUTH BC. 
PHK xpomocoMHo-ApbilukKOBoro alliiapaTa He JlenpoTeHHusupyetca upH ol 
pa6oTKe TKkaHeBoro romoreHaTa cbeHosiom pH 6 u octaetca B CocTaBe KJIeTOUHE 
ajlep, TaK Ha3bIBAeMbIX (eHOJbHEIX Aep, Ha rpaHuwe BOLHOTO HW deHoAbHOr 
cnoes. Bpiia onucaHa mpoleqypa HX OYHCTKM OT WMTOMMasMaTHYeCKHX MIpH 
mecel. 

Tlockoipky (peHOJI HHAKTMBUpyeT pHOoHyKseasy, TO HcMONb30BaHHeE de 
HOJIbHBIX Ajep B KayecTBe HCXOMHOFO MaTepHaJa JIA BbILeeHHA XPOMOCOMHO 
alppiukopolii PHK (x-s PHK) umeer HeocnopHmoe mpeumyiecTBo mepe 
HCNOb30BaHHEM Sep, H30IMpOBaHHHIX B BOJHBIX cpemax. 

Mp paspadotaiu Ba croco6a Bbizenenus PHK u3 cbeHoubHbIX. agep. B xa 
yecTBe OObEKTA CJIY2KHJIH KIETKH ACWHTHOTO paka OpANXa, B YaCTH OMBITOB Me 
yeHHble in vitro B TeveHve OfHOFO 4aca Cc ToMoUIbIO NasHP*O. (10 wCu ua | Mi 
acunta). PeHoJbHbIe Apa BbIZeNAIH TO panee onMcaHHOH Mponucn (?°), 

Metog I. @enonbubie agpa cycnenqupoBamu B 0,3% jes0KcHxonaTe 
B pe3yJIbTAaTe YeFO MPOUCXOANNO OOpasoBaHNe BASKOFO AesOKCHHyKseonpoTeuy 
Horo pactBopa. Ilocmequuli oOpabaTbIBau B pasMembuHTee B Tegenue 30 ceK. 
B36aITHIBaIH 20 MHH., LoOaBiamH denon pH 4,8—5,0 u NaCl no KOHILCHTp alu 
0,14 M wu saOanTpiBanu B TeyeHve 30 mun. Cmecb nenTpHdyrupoBaiy, coOupawt 
BOJHbIM COM HM MO_BepraiH ero BTOPHYHON enpotenHusanuH cdbexonom pH 6 
Ilan yBeMYeHHA BbIXOLa OOpaooTKy PeHOMbHBIX Hep pacTBOpOM AesoKcuxomaTé 
NOBTOPAH elle pas. 

Metog II. Q®enonpnpe aqpa cycneHaupoBasu B cMecH (enor pH 6— 
0,14 M NaCl, narpesasu yo 60° u cmecb pasmeuiuBanH B TeyeHHe 15 mun. IIpk 
60° ( B uacTH ONbITOB HarpeBaHue C PeHOOM Ber mpH 80°), 3aTem cMeCb OXIA: 
KAM, WeHTPpHPyrHpoBasu HW MOBTOPHO Aenporennusupopann PHK, cogep2xa: 
ulyioca B BOHOH dbase. PHK B oOonx cayyaax ocaxKaiM 43 BOLHOFO pactTBopa 
CHMpToM, Nepeocaxsaiu 2—3 pasa B 2,5 M NaCl aus yqanenua mpumecu JTHK 
MB Culyuae OMbITOB B AHAJIMTHYeCKOH WeHTpHdyre | pas JonOHUTeIbHO oOpa6a- 
THIBAJIH CMecbIO exo pH 6—0,01 M ocdat pH 7,2, nocne yero 2 pasa lepe- 
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ocaajann 70° cnuptom. Brixox PHK cocrapser 70—90% Beeii PHK cbenovibHbix 
saep. or 

IIpocreiuimm TecTom Ha nosMMepHocTh PHK curyxHT ee MOBeeHHe B KpenKHX 
COJIeEBLIX pacTBopax (2,5 M NaC]): BeicokxonouHmMepHaa PHK mpu stom Kown- 
YeCTBEHHO ocaxkaetcs (™*). CormacHo coneBomy TecTy, 10 Kpalineli mepe 95% 
PHK, u3BleKaeMOl BBIIeCONHCaHHBIMA MeTOJaMH, SABJIAeCTCA BbICOKOMOVIH- 
Mep HOH. 

Kak Opi0 NoKasaHno panee (7°), PHK cbenoubHbix sep MOxeT ObITh pasyeve- 
Ha OOpadorkoli exouiom pH 8,3 na skcrparupyemy1o (PHKs) u HeaKcTparupye- 
myio (PHKy), MpWueM MMeHHO MOCJIeqHAA, OYEBHIHO, ABJIAETCH HOBOOOpa3ye- 
moi PHK xaetxu. IlockompkKy NpHMeHABIIMeCA HAMM MeTOJBI BbIeTeHuA PHK 
He JaBastH 100% BbIxofa, BaxKHO ObIIO MOKA3aTb, UTO OHH HE BeLYT K *PpakilHo- 
HHpoBanuio PHK, uro, HampumMep, HMeeT MeCTO IPH 9KCTPaKIMH LLeIOUHBIM 
penosom. Jia stToro oOpaOoTKe noxBeprasH tbeHOJbHbIe ARPA 3 KJIeETOK, Me- 
HeHHBIX B TeveHHe | yaca P* Kak BuqHO 43 Tas. 1, yqesbHaa AKTHBHOCTA PHK, 


TaOauuna 4 


VileyibHast aKTHBHOCTh Tpemapatos PHK, momyuennbix v3 deHOJbHBIX AZep 
Pa3IHUHBIMH MeTO,aMH 


Onpir Ne 2 
Onnit Ne 6 
4 Zi 
{1 npo 
ocseOBaTeIbHbIe Npowexy phi % PHK uMn/MHH % PHK MMMl/MHH % PHK HMO/MHH 
deHOMbHEIX| Ha 1 pr jdeHompHEIX| Ha 1 pr |heHombHpIx] Ha 1 pr 
aqep PHK amep PHK Ae p K 
Denon pH 8,3—0,14 M NaCl 
(PHK5) = = 46,0 6,0 i = 
),3% Ne3oKcHxXOsaT-eHou 
pH 5 59,0 13,4 - = thes ma 
Denon pH 6—0,14 M 
NaCl 60° aa = a = 75,0 Me 
Denon pH 6—0,14 M Ys 
NaCl 80° 29,0 14,5 40,0 20,4 10,0 6,9 
(0 % NaCl 100° 12,0 14,7 14,0 19,0 15,0 6,5 
LuTonsasMaTHyeck ax BbICOKO- : 
_mouMepHas PHK — Ont == 0,1 = ase 


Ouly4aeMOH Je30KCHXOJATHBIM MeTOJOM HIM OOpaOoTKOH ropsuuM dbeHoOOM, — 
akan Ke, KaK HM aKTHBHOCTb PHK ocrtartka, u3BieKaemolu ropauum 10% NaCl. 
‘akumM oOpasom, PHK, Bbijeisemaa OOOMMH MeTOJaMH, MpescTaBsser coGoro 
Omyro PHK cenoubHbix agep, HM ee HCCeqOBaHHe MOMKeT XapakTepH3o0BaTD 
pupogy x-a PHK. 

Jina anHaiu3a romumepHoctu x-s PHK Opi npwmeHeH MeToy, npenaparus- 
oro yJibTpallexTpHpyrupoBanus B Kpaxmauie (°). Ero BelM B ybTpawenTpucbyre 
"LIII-1, B Manom potope B TeyenHe 70 mun. up 180 000 g u Temmepatype 15°. 
acTBopeHve PHK u cycnenMpoBanve Kpaxmasia MpoOBOAMH B cMecH 0,14 M 
‘aC] — 0,01 M tpuc-6yhep pH 7,2. Ycuosua HanomHeHHA npoOupok mpu- 
2/\CHbI B MOMIHCAX K Ce}HMeHTOorpamnMam (pu. | n2). [locne wentpudyruposBanua 
HK usBaekanu “3 Kaxkyoro KpaxmavibHoro csion 0,14 M NaCl u onpegenanu 
2 KOJIMYECTBO CIeEKTpO*oTOMeTpHYeCKH, a B CJIydae UCCeLOBaHHA pasMoaKTHB- 
IcTH OcaKMaIH CHHPTOM HM alee NosBepranM OObmHO ouncTKe (4). CpaBue- 
we x-1 PHK nposoguiu co cranyapTHbiIMH MpenapaTaMy BbIcCOKOMOMMMepHOTi 

Hu3kONOMHMepHOK PHK, mowyuaembIMH M3 WeIbHBIX KJIETOK paka Opvuxa 
2HOJIbHOH OOpaOoTKOH. OTH penapaTbl NosBeprasu WexTpudyrupoBannio 
(HOBpeMeHHO C HCcvle_yeMbIMH. Ha puc. | 4 2 mpuBezeHb! pesyuntaTH aByx 
aSHbIX ONbITOB. BricoKonoumMepHaa PHK na 75—80% ocenaeT B HMKHMI Kpax- 
AIbHbI CoH, BO BTOpoH monayaerT 15—20%, a B BepXHeEM BOZHOM cu0e oCcTa- 
lea mmb 2—5% PHK. IIpu yprpauentpudyruposanuu mpenapata Hu3Ko- 
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nomumepHoit PHK ocHopuas uacTb ee (50—60%) ocTaeTcA B BepXHeM BOJHO! 
coe, a OCTaIbHad YaCTb paciipesemAeTCA M@KTY KPpaXMAJIbHbIMH CJIOAME 
mpwuem ee MeHbUIe BCerO B HHKHEM KpaXMAJIbHOM CJIoe, CexMMeHTorpamml 
PHK denonpysix syep HanOMMHaIOT CeMMEHTOrpaMMbI BbICOKOMOJIHMepHO 


75% 


LAVA 18% 18% 


120/ 199, 
SAIL Yi 
Y 


A 6 B ife 
Puc. 1. Cequmenrorpammpl mpenapatos PHK ac- 
IHTHOTO paka OpJHxa: A — BbICOKOMOJHMepHaA 


PHK; 5—nusKxononumepHaa PHK; B — x-a PHK, 
BbIMeIeHHAaA Je30KCHXOJaTHbIM MeTOZoM; [ — x-s 


PHK, sbieleHHaa cbeHouom mpH 60°. Yeuo- 
BUAY 3anOJIHeHHA mpoOupok: 1-H, HHKHHI , 
coli — 0,8 ma Kpaxmasia B 0,8 M caxapose, 2-H 
cnoli — 0,5 Ma xkpaxmata B 0,4 M_ caxapose, 


3-H{cnoH — 0,5 mi xKpaxmata B 0,2 M_ caxa- 
pose; 4-H cmon — 1,0 ma 0,05% PHK. Bce pac- 
TBOPLI MpHroroBieHb! Ha cmecu 0,14 M NaCl — 
0,01 M rpue-6ydep pH 7,2. Crpemkn yka3biBator 
HampaBleHHe WeHTPOGeKHO! CHIBI 


dep pH 7,0; p= 0,1; yraopaa ckopocts 


Oxka3aocb, 4TO B Hpenapatax x-s 
nka, KOTOpble aHanorHy- 
HbIl TAKMM 2K MMKaM, M0- 
ywaeMbIM IIpH yJibTpa- 
IeHTPHyrupOBaHHH BBI- 
cokonomumepHott PHK u3 
pu6ocom ILHTOIMIA3MBI 
(12, 33). KoncTaHTpl cequ- 
MeHTauHH JIA WaHHOH 
KOHUCHTpallHu CocTaBJA- 
oT 18S aaa ObicTpo oce- 
jlaroulero ~KOMMOHeEHTAa H 


PHK, Ho OHM oTJMUAIOTCA TeN 
¥TO OoOIbINee KOJHYECTBO MaTeprh 
ala ocTaeTCA BO BTOPOM (HJIH B 
BTOPOM H TpeTbeM) KpaXMAJIbHbI 
coax. B BepXHeM BOJHOM CJIO 
PHK > xpomocoMHO-s{pbILIKOBOr 
ammapata He OCTaeTCHA WIM ocTael 
cH o4eHb Masio. Takum oOpa3on 
PHK devoubybix afep saABJIAeTC 
BbICOKONOJIMMepHOH, HO OHA WI 
noyBepraetca HeOobwon Aerpe 
auwH B wWpowecce OBOJIbH 
JWIMTeJIbHOH TpOWeypbl BbI eve 
His, WIM OHA MeHee NOJIMMepHa 
yeM 9KCTparHpyemas BBbICOKOTIC 
JumMepHaa PHK. 

UtoObl HOJY4HTb OTBET Ha 3TO 
BOIpOCc, MbI NoxBepruu 0,2% pac 
TBop x-a PHK, nowyuenHon c nc 
MOLLbIO (PCHOJIbBHOH OOpaboTKH np 
60°, yJuJIbTpalenTpHpyrupoBanut 
B aHaJIMTHYeCKOM poTope yJIbTpa 
weHTpudyru Spinco, mofemb E* 
PacTBopuTesb — cocaTHbli 6y 
50 740 06/muH; Temnepatypa 20° 
PHK BbIABIAeTCA Ba 4eTKH 


70% 


13S quia mewmeHHO oce- 
maroujero. Takum oOpa- 
30m, x-a PHK mpegctas- 
siaeT co6oI0 THNHUHYIO 
BbICOKONOIUMepHy1o PHK 
pHOocoM. 

»  OctTaBa.locb HEOOxOyH- 
MbIM MIpOBepHTb, ABJIAeTCA 
JIM Ooee HH3KOMONNMep- 
HbIM MaTepHaJl, He Oceqa- © 
IOULHH ~B Tpolecce mpena- 
PATUBHOTO yJIbTpPalleHTpH- 


—— 


B ay 


Puc. 2, CequMeHTorpamMMbI mIpenapaToB meyenoli PHK at 
WHTHOTO paka Opiuxa: A, 5 — ppicokonowHmepnaa PHk 
B — cMecb BbICOKO- VW HH3KOMONHMepHOH PHK (4: 1); I - 
Hu3kOnNOIHMepHaa PHK, J[ — x-a PHK, ppimenenuas ne: 
OKCHXOJaTHBIM MeTOZoM; EF — x-s PHK, sBpiyetenHan 
HOJIOM Tip 85°. YcuopHa 3an0nHeHHA: 
0,8 Ma Kpaxmaa B 0,8 M caxapose; 2-ii cnoi — 0,5 M 
kpaxmasia B 0,4 M caxapose; 3-H cmoli — 1,0 mn 0,1% PHI 
CrpeiKH YKa3bIBaloT 
Lndpbr nox crom6ukamMu — yyenbHad aKTHBHOCTb (ppakun 
PHK (8 umnyipceax B MuHyty Ha 1 pr PHK) 


1-H, HW2KHHH, co 


HalpaBsleHHe WeHTpObexKHOU CHUIE 


dbyrHpoBaHHA B KpaXMawe, NPOCTO MpOLyKTOM HersyOoKoH Jerpalaluuu BEICOKC 
nojuMepHol PHK ww xe OH TpeycTaBlaeT CcoOo1o Kaky10-To (ppakiluto, Hé 


mpumep ctposinyrioca PHK. 


* * BosmMoxkHOCTb MIpOBeLeHUA ONbITA Ha yIbTpauentpupyre Spinco, npunaqiexameii Ke 
beype OHOXHMHH 2UBOTHEIX MocKOBCKOrO yHUBepcHTeta, Oba MpeqocTaBseHa HaM WI.- KOPF 
AH CCCP C. E. CesepHubim, KoTOpOMy aBTOp BbIpaxKaeT rly6OKy10 MpHsHaTed bHOCTE 


ua storo nogBepraiu npenapaTHBHOMy yJIbTpaleHTpudyrupoBanui PHK 
M3 KJIETOK, MeyeHHbIX P* (cm. Bblle), TAK KAK MOMKHO ObIMO OMKUAATh, TO ec 
Obl B pa3sHble KpaXMaJIbHbIe COM MonalamH pasnpie dpakunu PHK, ux 
Merka Obia Opt pasnudnoi. Yaenbupe aktuBnocru PHK, tomyyexnoli 13 
PasHBbIX CJIOeB, IpHBeyeHbI Ha pHc. 2. UroObl npoBepuTb, HACKOMbKO UHCTO B 
PawWOXHMHYeCKOM OTHOIIeHHH yJIbTpalledTpHdyrMpoBaHve B KpaxMase \pa3- 
WeAeT BbICOKO- H HH3KONOJMMepHble (pakunH PHK, 6b nmpopexeHbl OMbITHI 
Co cTaHJapTHbIMu mpenaparamu PHK. Kak uspecruo, Hu3skonoNuMepHan PHK 
B paHHve CpOKH HHKYyOallWH MeTHTCA SHAYHTeIbHO HHTCHCHBHee, UCM BbICOKO- 
nowumepHaa PHK wnronma3mbl, Tak YO OHH JIerKO MOryT ObITh pa3JIHueHbI 
mo aHHOMy MpHsHaKy. V3 pnc. 2 Bu_HO, 4TO pH yAbTpalenTpupyrupoBanun 
€MeCH BbICOKO- H HU3KoNOMMepHoK PHK BEPpXHMM COM HMeeT AKTHBHOCTS, 
CBOHCTBEHHY!IO HM3KONOJMMepHOU, a HWKHHH CO — aKTHBHOCTb, XapakTep- 
HY10 JIA BbIcoKONONHMepHOK PHK. Takum oOpasom, npenapaTHBHoe yJbTpa- 
LeHTpUPyrHpoBaHHe MOSBOJAeT YIOBJICTBOPUTeJIbHO passemnHTb dbpakunn PHK, 
WMeIONHe pasHbii MoeKyAApHbI Bec, B cryyae PHK cbenowbHbix agep yaemp- 
Has AKTHBHOCTb MaTepHasia, MOJLYYeHHOrO H3 BCeX TpeX CjOeB, OMHHAKOBA. 
CreloBaTesIbHO, TOT MeHee MOJHMepHbIM MaTepHasl, KOTOpBI mpucyTcTByer 
B Hei, BepOsTHee BCero ABJIAeCTCA HE CAMOCTOATEIbHOM cbpakilMel, a MpocTo 
MpOAyKTOM HersyOokoH Jerpayawuu wactu momekya PHK* 
| Takum o6pa30M, pe3IOMHpyaA, MOXKHO CKa3aTb, 4TO x-s PHK umn PHK 
PCHOJIBHBIX Ajlep UH, Oomee Toro, o6e ee cyd6dppakuuH — PHK.» PHK.5 u — 
ABIAIOTCA THMMYHOH BbICOKOMONHMepHOH PHK pxuG6ocom, cosepxKaiiel Te «xe 
Ba KOMMOHeHTA, 4YTO H WHTONNasMaTHYeCKad BbICOKOMONUMepHad PHK. 
OTOT PakT NOATBepxKMaeT MOO*KeHHe, BLICKAsaHHOe B MpesbiAyuieH padote 
(4) 06 stanax oOpa30BaHHaA HW TpaHcnopTa BbicoKonomMMepHolt PHK B xKaerKe, 
KOTOpoe MOxKeT OBITb MpescTaBseHo cuelyrouleH cxemoli, 


CBOOOHbIe HYKJeOTH II —PHK ,, —~-PHK XpOMOCOMHO-sApHIUKOBbIII 
Hi -9 annapat 
| etn ApepuHoplli cox 
| ssh | 
PHK yy er PHK-pr5 ** Tlutonsasma 


Ha seex 9Tatiax BbicoKonoIHMepHan PHK BxoguT B cocTaB pH6ocom, HO, 
10-BHAMMOMY, OpraHH3aunsA pHOOHyKJeonpoTeHsAHOrO KOMIIeKca B pHOocomMax 
MeCHACTCA, B CBA3H C 4EM MCHAeTCA CFO OTHOIMeHHe K CeHOJIbHOH jenpoTeHHH- 
sauHH. HuskonosumMepHad PHK umeet, no BceH BepOATHOCTH, OTJ@JIbHbIH, 
2AMOCTOATEJIBHBIN TyTb CcHHTe3a (4, °). 

Buipaxkaio OuarofapHoctp mpod. VW. Bb. 36apexomy u A. C. Cnupnuny 3a 
WeHHBI€ COBETHI B XOJe BHINOJHEHHA HAaCTOAeH padornl. 


VucrutyT mopdonornu 2KHBOTHEIX uM. A. H. Cesepuosa TlocrymHui0 
AxkayemuH Hayk CCCP 20 XII 1960 


UWMTHPOBAHHAA JIMTEPATYPA 


' 1P.S. Woods, Brookhaven Symp. in Biol., Ne 12, 153,959)" Go tdusttte 1 i, 
m. Plant, Proc. Nat. Acad. Sci. USA, 41, 8741955). 2? D-M. Prescott, Exp. Cell. 
mes., 19, 29 (1960). *T. 11. Teoprues, B. JI. MauTpesa, Buoxumust, 26465 
1961). ®&T. Tl Teoprues, O. HW. Camapuua, Buoxumus, 26, Ne 3 (1961). 
Bon Be Weiss, L. Gladstone, J. Am. Chem, Soc., 81, 4118 (1959). .7.B. Swift, 
3rookhaven Symp. in Biol., Ne 12, 134 (1959).  & Tr. 1. Peoprues, 10.C. Veunos, 
TAH, 132, 199 (1960). ®H.B. 36apckuih, IT. 0. Peoprues, Buoxumnas, 24, 192 
1959). 2°T. I. Teoprues, B..JI. MautTbesa, Buoxumun, 25, 143 (1960). 
mJ. SoiGolterm R: A. Brown, Science; 124, 1077 (1956). 22 Ay Gierer, Zs. 
Naturforsch., 18b, 788 (1958). 18 A.C. Cnupun, JI.C. Muabman, JAH, 134, 
"17 (1960). 

/ * Crenyer OTMeTHTb, uTO Te 5% PHK (PeHOJIDHBIX AWep, KOTOPble yasAioTCA B mporecce 
mMbIBKH PHK ot JLHK 2,5 M NaCl, umewr Takyto Ke yAeJIbHY1I0 AKTHBHOCTS, UTO H Mosyuaemaa 


sbICOKONOMMMepHaA PHK. 
** Bprcokono/iHMepHas.9KcTparupyemas PHK. 


a AGL 


Jloxnaygmn Akaqemun wayk CC CP 
1961. Tom 138, Ne 2 


BHOXHMH fj 


Y jen-koppecnonjent AH CCCP C. E. CEBEPHH, C. B, WIECTAKOB 
uv O. E. BOPOBbEB 


BJIAAHHE KAPHO3SHHA, AHCEPHHA, FHCTHAUHA 
HW HEKOTOPbIX AMHHOKHCJIOT HA AKTHBHOCTb WEPURPASbI 
NUPOBUHOrPAXHOW KUCJIOTbI H3 TPYAHbIX MbIMI rOJYBSA 


3a moculeqHve TOAbl B JHTepaType HAKOMMJIOCh HeMaJIO (PaKTOB OTHOCHTEJIb 
HO 3al\MTHOrO JeHCTBHA CBOOOLHEIX AMHHOKHCJIOT HW WMMenTHyOB Ha cbepMeHTHI 
Tak, Halmpumep, NoxpoOHO H3yyeHO CHATHeE HeKOTOPbIMH AMHHOKHCOTaMH 
a Tak»xKe JMNeNTHLaMA KapHO3HHOM HM aHCepHHOM TOpMO3Alero WevcTBUA choc 
pata Ha Jeruspa3y dochorMuepHHoBoro asbyeruga (1, 7). UapectHo cra6usiu 
B3UpyIOliee BIMAHHE JHMeNTHAOB Ha TIpOWecchl OKMCJIMTeIbHOrO cbocdopHsIH 
popauusa (*, 4). OnHcaHo cTHMYysupylollee ZeHcTBHe HEKOTOPbIX AMMHOKHCUJIO" 
Ha THamuHasHyro (°), cykWMHerMazpa3snyro (°) u docdatasuyio (’) aKTHBHOCTh 
OGHapyXeHO 3alllHTHOe JelicTBHe pala AMMHOKHCJIOT NpOTHB reMomMTHYeCKOr< 
adcdekTa peHTreHoBcKoro oO1yseHua (°). 

B nactositeH paOoTe u3yualocb BJIMAHHe THCTHIHHA H HEKOTOPHIX pyr) 
AMHHOKHCJIOT, a TaKxKe JIMMeNTHIOB KapHO3HHa MH aHcepHHa Ha AKTMBHOCTI 
HerHApa3sbl NHPOBHHOrpayHO KUCJOTHI. 

IIpenapaT JerHipasbl MHpOBHHOrpagHOH KHCJIOTHI Obl BbIeIeH u3 py 
HbIX MbIIUI, TOuyOA HW OYMULEH 10 MeToLy AranHatana u UlBurra (°). Ha nator 
CTaqHH OUHCTKU TIpenapaT uasHsHpoBaiu npoTuB 0,01 M docdatuoro Oydep< 
c pH 5,9 B Treuenne cytox. MWecryto, nocequto10, cTaqHio ouNcTKH (dpakwHo 
HHpoBaHHe np pH 5,7) He npoBogusnn. PactBop depmeuta B 0,05 M cocdhat 
HoM Oydepe c pH 6,0 3amopaxuBaslH H XpaHHu pH TemmepaType —15°. 

PeakUHi0 OKHCJIHTebHOrO eKapOOKCHJIMpOBaHHA MHpyBaTa MpoOBOAHIH i 
OukapOonaTHom Oydepe npu 100%-m HacbimeHHu COz B cocyauKax Bap6yp 
ra. B kauecTBe aKIlenTOpa ICKTPOHOB HCHOb30BaIH deppHMaHHd. 

CHsCOCOO~ +-2 [Fe®+ (CN)g]®- -+- 2HCO,- me CH;COO- -++ 
4. 2[Fe?+(CN)g]#- +:3CO2 ++ H,O (1 


AKTHBHOCTD NHpyBaTZervypasbl ONpeseAIH MAHOMETPHYeECKH H BbIpaxkaul 
B MHKpOvIMTpax COs, BbIMeIAIOULeroca B pe3yJbTaTe peakuHH (1). 3a ycnoBHyx 
€MHUILy AKTHBHOCTH Mpenapata depMeHTa NPHHHMaIH KoMYeCTBO CO: | 
MHKPOMOJIAX, OOpasyrolieeca 3a NepBbIM 4ac HHKYyOAUMH B KOHTPOJIbHOH mpobe 
cofepxameH 100 wr TPP* npu craHzapTHoH nocTaHoBKe ombita (1°). 

KoutpombHad mpo6a cogepxKaua: 1,1 Ma cT2HfapTHOH peakMHOHHOM cMec! 
(0,5 ma (0,05 moa) KHCOs; 0,2 ma (100 pmo.) nupysata Na; 0,2 m1 (200 umou. 
KsFe (CN); 0,2 ma (6 umou.) MgCle); 0,2 ma (0,23 umona) TPP, Heiitpanu30 
BaHHOro Jo pH 6,0, 0,3 ma (83—12 equuuu) nupyBaTyzerugzpasbl. Bce pacTBopE 
FOTOBHIUCh Ha OMMCTHIJIMpOBaHHOH Bose. 

B onbiTHylo NpoOy WobaBIAIH AMHHOCOeIMHeEHHA, TpeBapHTeJbHO Heli 
TpaJH30BaHHble Jo pH 6,0. Bogxoposunli noKa3saTeb KOHTPOJMpoBalu Cc 110 
MOLIbIO CTEKIAHHOFO SuIeKTpoga. «Cienaa» mpoOa He cofepxana TPP. 

MepMeHT OOaBIAIN HerocpescTBeHHO Neped HHKyOaunel. IIpu paBHomep 
HOM NOKauMBaHHH CocyAMKOB NpoOsl HacpmtamH 100%-m COz B Teyenne 10 muH 


* TIpuuatTple cokpamenua: TPP — tuamunnupodochatr, OITA — srunenquamunterpa 
auerar. 
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ukyOallMio Bem mp Temmepatype 37°. Tlocue 10 MHH. BbIPaBHHBaHHA B CH- 
eme TeMHepaTYpbl H WaBJeHHA MpOHSBOAMJIM OTCUCTHI KarKIbIe 15 Muu. 

CocraB npoO 4 ycuoBHA onbiTa ObIIH MofoOpanbl TAK, 4TO Tp H30bITOUHbIX 
iMuecTBax CyOcTpaTa MOXKHO ObLIO HaOJOLATb [JIMTeJbHOe jlelicTBue dep- 
HTHOTO IIpenapata. CKOpocTb peaKIMH B KOHTPOJIbHOM mpo6e pH MHoro- 
coBoli WHKYyOallHM rocTeneHHo, HO MporpeccHBHO CHMxKasacb. Ofuako jo- 
BICHHe KAPHO3MHa, aHCepHHA WIM THCTHAMHA OTYCTIMBO COXpaHAsO AKTHB- 
Th MMpyBaTaervspaspl. OOuapy2xxeHHoe elcTBHe MMMJa3ONbHbIX MPOUS- 
WIHBIX, Kak BHXHO u3 puc. |, 3aKmouaeTca B cTaOHMM3aNMM cbepMeHTa, B 


N 
se 6 


ic. 1. BuHaHHe rHCTHMHa Ha aKTHBHOCTh NUpyBaTseriszpasel. 
p06a O6beMOM 3 MJ comepxKavia: 1,1 Ma cTaHwapTHoH peak- 500}- 
(oHHOM cmecH (KHCOs 5 - 10-2 M; MgCle 6-107 M; nupyBat 

a 1-10-72 M; KsFe(CN), 2-10-2 M);. TPP 0,06 mr; 10 equnuy S&S 
ipyBaTyeruypassl. A — KOHTPObHad mpoOa Oes PHCTHAMHA; oy 
— OnbiTHad mpo6a, KOHeuHad KOHUeHTpalHuaA oOOaB/eHHOrO 
rucTuiHua | -10-2 M. Temnepatypa nukyOaunu 37°, pH_6,0 


32 7 2 3-6 


IXPAHeEHHH CKOPOCTH peaKIHH, OM3KOH K Ha¥aJIbHOH MHeHHOM CKOpoOCTH 
senenua COz B KOHTpOJIbHOK mpobe. Ilostomy HanOonee orgermMBO cTaOHsIH- 
ipyrolllee JelicrBHe WOOaBMAeMBIX COCAMHEHHM MpOABAANOCh MPM NMposouKH- 
JIbHOU WHKyOawuMH. B Hayane MHKyOallMM pacxoxeHHe ypoBHel peakilHH 
KOHTpombHoH (puc. 1, A) u onpiTHow (6) npoOax MMHMMaJIbHO, c TedeHHeM 
9eMeHH OHO YBeIHUMBaeTCA 34 CUeT MeHee Pe3KO BbIPaxKeHHOTO CHM KeHHA 
<OPOCTH peaKUHH B OMbITHOM mpoOe MO CpaBHeHHIO C KOHTPOVJIbHOH. 


Talon vi mand 
O6pasopaHne CO: u yOblb MHpyBatTa B peaKIMH OKHCAMTebHOrO 
ekapOokcuJIMpoBaHHa MupyBata 


Bes 706aBseHHA rucTHAuHA C 7o6aBnenuem rucruquHa 
os PPP iT wa e 
m o6pa3oB. | yOblatb nH- 
5 mpooy COk, pyBata, NOS ae | COR aac 8: eae Owe 
2 p. MO. p. MOV. mupysat |COs, PMON.| von, || UNpyBaT 
t 20 29 Zap) Nil 34 30 aah 
2 20 24 27 0,9 36 45 0,8 
; 120 ot 30 0,9 30 43 0,85 
3 50 14 sla) TG) 14 13 lai 


IipumMeuvaun une. CranwaprHad peaki\HOHHaAd CMeCb. : 
Amnia, onnrias © AobanaeHiteM rucrwaita — coved aa Ps eet ca fnoet ce ieee 

B Ta6n. 1 MpHBeyeHbI pe3yJbTAaTbI OMbITOB, H3 KOTOPbIX cyIekyeT, 4TO H3- 
piTouHOe OGpasoBaHve COz B mpoOax C rHCTHHHOM CompoBoxkAaetTca Mponop- 
MOHAIbHOM YObIIbIO NMPOBHMHOTpagHOH KUHCJIOTbI, KOJIMYeCTBO KOTOPOH ompe- 
2AM 10 MeTowy Mpuyemana u Xomxena (1'). CneqyeT, oHaKO, OTMETHTD, 
TO COOTHOWeHHe OOpasoBaHHe COz: yOblib nupyBaTa* oKa3alocb B HalllHx 
MbiTaX OM3KHM K e\MHMUe, Tora Kak, COrlaCHO ypaBHeHHIo peakunu (1), 
HO JOJDKHO ObITb paBHO TPpem. 

CKOpocTh peaKUMH B KOHTPOJIbHBIX MmpoOax pesKO CHMKaeTCA pH HHKyOa- 
Wu JaxKe Mp HasM4uMH usObITOUHOrO KONMueCTBa cyOcTpaTa. 

OnvicaHHoe BJIHAHHe HMHJa30JIbHbIX COeCAHHeCHHH He MOxKeT ObITb CBELeHO 
6ydbepHomy gelicrsuio. B npwHaTbIx ycroBuax onpira pH, usmepenuptii mo- 
2HiLMOMETPHUeCKH, B KOHTPOJIbHbIX H OMbITHBIX 1pOOax OKa3aJICA OMHAKOBbIM 
paBupm pH 6,0. 


* MolspHoe oTHOUIeHHe. 
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Crumyaupyroulee JeHcTBHe He OObSACHAeTCH TAKXKE TUbKO 3alHTOI dep 
MeHTa OT BO3MO2KHBIX CJIEMOB HOHOB THKeJIbIX MeTaIJOB. I]pH u3ObITKe B pe 


Puc. 2. Bausnne ructuguna u OJITA ua akTHBHOocTh MMpyBaTyernspa 

3bI. Cocras mpo6: KHCOs; 5 «10-7; M; nupysat Na 1-10-2 M; KsFe(CN) 

2-10-? M: MgCle 1,5-10-? M; TPP 50 ur; mupypargerngpasza 

e€(HHHL; rucTHqHH WH OJITA B KoneyHO KonUeHTpanMH 5 -10-3 M. 7 — 

6e3 qo6aBoK, 2 — poOaBneH SJITA, 3 — yo6aBnen rucruyznn,. 4 — 70 

OaBleHbl rucTHyHH H OJITA. Temnepatypa HHKyO6auHH 38°, Bpem! 
HHKyOanHH 2 uaca, pH 6,0 


SS 


AKILMOHHOM cmecH HoHOB Mg?* ructuquH GOonee adcexTuBen, uem DIITA, no 
6aBNeHHbIi B TOM Ke MOJApHOM KOHUeHTpalHH. CoBmMecTHoe elicTBHe THCTH 
muna u OTA aBasetca nouTH 
CyMMapHbiM (pyc. 2). 

I]pu nocTaHoBKe ONbITOB Cc 
Ppa3JIMUHbIM COCTAaBOM IIpoO Ha- 
MH O6blia MCCIeqOBaHa HeOOXoO- 


TaOauna 2 


PoOwb OTJ€JbHBIX KOMNOHEHTOB B peakIHH, 
KaTaIM3HpyeMOH MupyBaTZeruzpasoi,— KomnyuectTBO 
BbIjeneHHoro CO, (B MHKposuTpax) 


JLUMOCTb OTICIbHBIX KOMMOHEH- S| ete 3 
SS aot oy 

TOB peaKIMH WIA AaKTHBHOCTH ae ese) [2A Se 6 

Mp yBaTeruppas3bl. SSl 2] sf ie] es | om 
Kak BHHO u3 TaGu. 2, cbep- Ré]a} as |e] ae | ae 

CHTATHBHAA peaKIlHA OfTH- 
. raat TobKo Bp  KouTposbuas 180}45; 0 | 0] O 15 
MaJIbHO Ip er Renee 950/501 0 |ol o 29 


IIpHCYTCTBHH BCeX HeOOxosU- 
MbIX KOMIIOHEHTOB, H THCTHAH 
He MOMKeT 3aMeCHHTb HH OfHOTO 
43 HHX. TakuM oOpa3oM, B 
MIpHBOJMMBIX HAMM OMIbITaX rHc- 


IlipumMeuan ue. Coctas npo6: crauqaprHaa peakun 
ouHaa cmecb, 50 pr TPP, 4 equnnyp nupyBaTperu_pasbl 
Bpema unKyOauHun 2 uaca. Temmepatypa 38°. pH 6,0. Kou 
TpOJIbHaA Mpob6a He coORepxuT TucTHANHA. B onpitHy10 npo 
Oy ROOaBMeH THCTHANH B KOHeIHOH KOHWeNTpanHH 5-10- 


MOJA. 


THIMH He ABJIACTCH CAMOCTOATEJIbHBIM CyOCTpaTOM JeKapOoKCHJIHpoBaHAA, cre 
WUHPHYeCKHM KaTaH3aTOPOM HIM KOWAaKTOPOM, 4 BBINOJHAeCT PONb ocobort 


9 


Ta6Oauna 3 


BsinaHHe ancepHHa Ha aKTHBHOCTb 
MHpyBaTyerHypa3bl B 3aBHCHMOCTH OT 
KOHIeHTpalluu THAaMHHUMpodociata 


Buren. COs, p01 


akTHBaTopa. Ero jelcTBHe IpoABsA- 
eTCA TOJIbKO B IOJIHOH CHCTeMe H HaH- 
Ooee CHJIbHO BbIPaxKeHO TIpH Ma 
JIOM coxepxaHun TPP B_ cucTeme 
(tTa6n. 3). 

JleiicTBue rucTHAHHa HeIb3A pH 
3HATb CIeMMHYeCKHM, TOCKOJIbKY 
aHaJIOPH4HOe COXpaHsAIOUlee BUNA 


Ss) (elec > 4 

aes a8 ze HH€ MPOABIAIOT HeKOTOpble ApyrHe 

©) 8S | &5 | Ges auce-|c ancepn-| gE aMHHOKHCJIOTHI. OXHaKO KpoMe PHC: 

2 >a 3 puna HOM Re 

2|aee | oe = S*  THMHCOLepKallUX AMNeNTHOB Kap- 

HO3HHa H aHCepHuHa jlelicrBuem, pa 

Danae an i ae 65 HIM THCTHMHY B KONHYeCTBeHHO 
180 | 740 900 | 9| OTHOWEHHH, OOnamaeT. TOMDKO MeTH 

2| 4 90 | 450 560 24 OHMH. Take aMMHOKMCJOTHI, Kak 

Se oe ay on a TpuuToman, deHwaiaHvH, MpoJH 

3 {5s BBN 370 58 IWMCTeHH, G-aJIaHHH, B-aJlaHHH, B3 


TbIe B IKBUMOJIEKYIAPHBIX KOJIHUE 
CTBaX, BJIMAIOT HA AKTHBHOCTH MMp 
BaTJerHpa3sbl 3aMeTHO CyIaOee FHC 
THMHAa (cM. pHc. 3). [aroTramMHoBas 
KHCJIOTA, ILMCTHH, PIMKOKOUI, PHIM. 
TIMIHH, a TaK2Ke KpeaTHH COBCE} 
He aKTHBHBI, . 


IlpumMetaunHue. Ypenuyenne akTHBHOCTH 
(AA) B npowenTax BbINuceHO NO @opmysie AA = 


CO, B mpo6e c aHcepuHoM 
aio rai c0aGeaenatenana -100—100. Crangapruaa 


peakuHOHHaA cmecb. KomuyecTBo nupyBaTmerugpa- 
3bI B onbITe Ne 1 8 equHu, BNo2 3 enuHub,B No 3 10 
e€AMHUL Ha mpoOy. KoneyHant KOHWeHTpanuA aHce- 
byes 1-140- mona. Temnepatypa uHKky6anun 37°. 
p 05 
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CruMyMpytollee BIHAHHE THCTHAHHAa, KapHOSHHa MH aHCepHHa yKa3piBaer 
Ha TO, 4YTO HMHa30/IbHBIM OCTATOK, I0-BHHMOMY, HIpaeT Kakyt0-TO onpele- 
JIGHHY!O POJIb B AKTHBHOCTH MHpyBaTMeruspasyl. 

IIpenmyiiecTBa TpHMeHeHHA THCTHAMHOBOrO Oydepa B pAde SH3HMOVIOrH- 
wecKUXx paOot (”), BeposTHO, MOryT GbITb CBA3aHbIC JelCTBHeM, aHaOPHUHBIM 
CTAOUMSHPYIOMleMY B.IMAHHIO THCTHIHHA Ha nupyBaTgzerugpasy. Ucnonp30- 


Puc. 3. BauaHHe HEKOTOpHIX AMHHOKHCJOT, AHMeN- 
THOB H KpeaTHHa Ha aKTHBHOCTb MHpyBaTyerus- 
pa3bl. CraHqapTHad CHCTeMa JA ompeseueHHa ak- 


NJ 


_THBHOCTH TIMpyBaTyerHapaspl (cM. puc. 1). Iprse- 

_MeHbI cpefHve BeJHYHHEI H3 5 OnBITOB. KoneyHas y Yj 
KOHICHTpalluA OOaBOK B OMBITHHIX mpo6ax GG WY 

5-10-73 M. a — axkTuBuble coeqHHeHHA, 6 — Heak- 4074 
THBHbI€ COCAHHEHHA, 6 — CaO6OaKTHBHbIe COeqHHe- Vy 

“Hux. J — mMeTHOHHH, 2 — rucTHqHH, 3 — KapHo- GY 

3HH, 4— aHcepHH, 5 — KOHTpOsb, 6 — raHko- 

‘kon, 7 — uucTuH, § —ramoTraMHHoBasd KucvioTa; Wy Y 

(9 — ranuni-rauuan, 10 — xpearuu, 11 — mnpo- "YY 

(anu, 12 — rpuntodan, 73 — denunanannn, 14 — Y 44404 

8-anaHun, 15 — q-ananuH, 16 — uwHcTenH iG GGGGZ 


Koeerm Sap enS ED 
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\BaHHeM HMUa30bHOrO Oydepa, cmeqyeT, 10-BHAHMOMY, OObACHHTb OTCYTCTBHE 
BJIMAHHA KAPpHO3SHHa Ha peaKIUHiO TAHKOMUTHYECKOH OKCHAOpeAyKUHH B padoTe 
‘Tissu (**) (cp. (7, ?)). 

_ Mexanu3M ycTaHoBJeHHOro JeHCTBHA pa a30THCTHIX COeMHEHHH OCTaeTCA 
‘HeacubiM. BosMoxkHo, cTaOHu3alHa KoMMVeKca Ge0K — KodepMeHT OOycJIOB- 
JleHa TpAMOM SallHTOH HMHa3OJIbHBIMH COe,HHCHHAMH H Me€THOHHHOM aKTHB- 
-HBIX WeHTPOB MHpyBaTJeruypasbl OT HHAaKTHBaHH. Ho BosMOxKHO TakxKe, YTO: 
CTaOHIH3Hpyronlee AelcTBHe 3aKIO4aeTCH B OOecneyeHHH Oovlee NPOUHO CBASH 
TPP c 6enkom. Bomnpocbi 3TH TpeOy1oT WabHeHWHX SIKCIePpHMeHTAJIBHBIX HC- 
cleoBaHHit. 


MockoscKHH rocyjapcTBeHHblii yHHBepcHTeT ~ ToerymH1o 
um. M. B. Jlomonocosa 12 71T 1961 


, HWHTHPOBAHHASA JINTEPATYPA 


1H. K. Harpagosa, Buoxumus, 23, 511 (1958). * H. K. Harpagosa, 
Buoxumua, 24, 336 (1959). *=C.E. Cespepuu, Wi Wlyi-wi, bBuoxumus, 23, 862 
(1958). *H.II. Memxosa, Buoxumua, 24, 323 (1959).  *P. WM. TatapcKkag, 
Buoxumus, 17, 598 (1952) ®° W. Bonner, Biochem. J., 56, 274 (1954). 7 J. Roche, 
NguenVan Thoai, Adv. in Enzymol., 10, 83 (1950). §° K. Flemming, Naturwiss., 44, 
239 (1957). ®V. Jagannathan, R. S. Schweet, J. Biol. Chem., 196, 551 
(1952). 2 B.A. Syreabprapar, C.W. Kanonkaiurte, Buoxumns, 22, 21 (1957). 
2 7. Friedemann, G. J. Haugen, J. Biol. Chem, 147, 415 (1943). 
® M.A. Swanson, Biochim. et Biophys. Acta, 20, 85 (1956). %C L. Davey, 
‘Arch. Biochem. and Biophys., 89, 296 (1960). 


: 


: 


oa 


f 465» 


= 


Jloxxzangn Akawqemun Hayk ¢C.GGP 
1961. Tom 138, Ne 2 


IMBPHOJIOTHA PACTEHHH 


H. B. WHHIEP u T. MT. NETPOBCKAS-BAPAHOBA 


OBOJIOUKA TIblLJIbIEBOrO 3EPHA — )KHBAS, speee UWE TSC 
AKTHBHAS CTPYKTYPA 


(ITpedcmaeazexno axademuxom H. B. Luyunom 28 XII 1960) 


HecmoTpsa Ha OOIbuI0e KOJH¥eCTBO HOBbIX JaHHbIX, OOOraTHBIUHX COBpe- 
MeHHBI€ TIpeAcTaBIeHHA O (H3HOJOTHH WH MOpdOMOrHU TbIIbIbI, JO CHX Top 
<PaKTHYeCKH HE pa3pelIeHHbIM OCTaeTCA BOMpoc O TOM, KaKMM MyTeM ocyilecT- 
BJIA€TCA B3AMMOJECHCTBHE MEKLY MbVIbICBLIM 3€PHOM, MoMmayarouluM Ha Pbliblle 
mBeTKa, HM OKpyxkalomleH ero cpefoH. B HacTosmeH paOoTe Hamu cyesaHa M0- 
MbITKa MOMOHTH K paspelleHHio STOTO BOTIpoca Mp MOMOMA rHCTOXHMHYeCKOH 
MeTOAHKH. 

Ha puc. | mpl NpHBowuM cxemy, B OGOOUleEHHOM BHJe CYMMUpytollly!o Cco- 
BPCMECHHBIe MpeACTaBJIEHHA O CTPOeCHHH OOOJOUKH MbWIbIeBOrO 3epHa. 

HsBecTuo, 4To OOoN0UKA MbWIbUbI OOMaLaeT UCKJIIOUNTEbHO BbICOKOM ycToH- 
YHBOCTbIO MpOTHB pa3HbIX, B YaCTHOCTH XHMMYeCKHX, BO3elicTBHH. 

IIpouHocth oOo04uKH MH THApomoOubl xapakTep cojepxKalluxca B Hei 
BeWIeCTB alOT OCHOBaHHe CUHTATb ee HENPOHHIaeMOl WIM, BO BCAKOM CJlyyae, 

BeCbMa TpYJHO IIpOHHWaeMOH Kak 
, Mepuna JIA BeWIECTB OKpy2Kalolen Cpesbl, 
HL agi Caxguna |, Tak WM JWI MpOLYKTOB %KH3He- 
sae larAieat leas Nee ; Ja gUHa Je@ATEJIbHOCTH CaMOFoO TIbLIbILEBOrO 
Hak3UHQ 3epHa, 
~ Me3uHa Ap 4 
nine mecTe C TeM, MOBEeHHe bb 
Ilbl B OOCTaHOBKe, OylarompHat- 
CTBYIOMLeH MpopacTaHHto, OyAb TO 
PblIbie WBeTKa HIM HCKYCCTBeH- 
pee Primate aetna ay Had MHTAaTesIbHad cpea, MpOTHBO- 
peuHT TIpescTaBseHHI0 00 OOo04Ke 
IIbIIbIeBOrO 3epHa KaK O Hempe- 
‘OLOMMOM Tperpate, H30uMpyrolleli Wia3My WbWIbIbI OT BHELIHero Mupa. B Ta- 
KOH OOCTaHOBKE IIbIbIeBoe 3epHO OBICTpO HaOyxaeT, YBeJIMYHBaACb B pasMe- 
‘pax, 4TO YKa3bIBaeT Ha MPOHHKHOBeHHe B_ Hero FH poOPHJIbHBIX 2XHKOCTeH 
W3BHe. C pyro CTOPOHbI, H 3TO OCOOeHHO BaxKHO, CyeCTByeT HEMAJIO JaHHBIX, 
YKa3bIBalolllHX Ha TO, 4TO CaMa MIbIIbIa CHOCOOHAa BbIeATh B OKpy2Kalouly10 
cpely WeJIbId KOMIIJICKC BeILeCTB, BbISbIBAIOU[UX Paciay, BLICOKOMOJIEKYJIAPHbIX 
‘COCUMHEHHH, BXOJALLHX B COCTAaB Cpebl, MpHuem Mocse MX pacleneHHA OHH 
YCBaHBaloTCA MbWIbIOM B Ka4decTBe MHTaTeIbHOrTO MaTepHasa. K uuciy ce- 
KPeTHPYeMBIX IIblWIbIOH AFeHTOB, MPAMbIM WJIM KOCBeCHHbIM IlyTeM BefyIHX K 
uugucy cyOcTpatTa, IpWHalexkaT HHBepTa3a, aMMJla3sa, NeKTHHa3sa (WMT. MO 
(*°)), KucabIe cbocdatasnl (3), THaMHH, OHOTHH, NaHTOTeHOBad H HHMKOTHHOBAaA 
KMcuIOTEI (1), a TaKxKe, MO-BHAMMOMY, elle MHOrHe pyre BeulecTBa. 

Henocpexcrsennpie BH3yaJIbHble HaOmogenua (1°) moKasbiBaloT, 4YTO MbWIb- 
leBoe 3EPHO, NONaaroilee Ha PbWIbIUe WBETKA, BbIAeIACT KATO HKUAKOCTH, T. e. 
BeleT ceOa Kak C€KpeTOPHbIi opraH. 

YuHTbIBAA HaIMaHe Y IbWIbIbI MIOTHOH, rH{potoOHOH oOo0"KH, MOXKHO 
mpeqnomaratb, YTO OOMeH MeKY MbWIbUeBLIM 3EPHOM HM BHEUIHeH CpeoH co- 
‘BepiiaeTcA Yepes MpoOpocTKOBble MoOpbl. OfHAKO STO TIpeAMOMORKeHHe HE MOXKET 
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CUHTATLCA HCUePMbIBAIOWLHM y2Ke HOTOMY, 4TO CYMeCTBYeT WeIbI pA, pacTeHHi, 
fiblIblla KOTOPbIX muINeHa Mop (Aristolochia, Canna, Peperomia, Portulaca, 
Arum u gp.) (*7). Kpome Toro, nopbl 3aKpbITbI TaK Ha3bIBAeCMbIMH MOPOBbIMH 
MemOpanamu (°), HepeyKO BeCbMa Ma@CCHBHBIMH (pHc. 2), H eBa JIM B 3Ha4HTEeIIb- 
HO MeHBINeH Mepe, ¥em COOCTBEHHO OOOJ0UKA MIbWIbUbI, IPeCMATCTBYIOT OCYLLeCT- 
BJICEHHIO Yepe3s MOP! B3AHMOeHCTBHA MEXKLY W1a3MOH TbWIbWeBOrO 3epHa H 
okpyxKalolleH ero cpeyon. 

_ Takum o6pa30M, IpHxouTCA UCKaTb MyTeH, MO KOTOPbIM MpOHCXOANT 9TO 
B3auMOmelcTBHe, He B OOXOM OOOOUKH, a HMCHHO 4epes Hee. 

B3aumojelicTBue mia3Mbl Cc CyOcTpaTOM MOTrJIO ObI OCYLICCTBIATHCA {ILyTeM 
HpOHHKHOBeHHA B TOMY OOOMOYKH WiasMaTHuecKux TAxKeH, OM3KO MOLXxO- 
WAULMX K CAMOM MOBepXHOCTH OOO04KH. OHaKO B JIMTepaType AO CHX Mop He 
MMee€TCA CKOJIbKO-HHOyb YeTKHX JaHHbIX, YKa3bIBaIOULHX Ha CYLeCTBOBaHHe 
Takoro poja CTpyKTyp. 

B cBa3M C 3TMM MbI MH NocTaBHH ceOe 3alayel NOMbITATbCA PaspellMTh 
BONpoc O B3aHMOJeHCTBHH MbWIbUbI CO cpeqOH Mp MOMOUIH THCTOXMMHYeCKOK 
MeTowuKH. B KayecTBe MaTepHasa MbI BOCHOJIb3O0BaJIHCb TbIJIbILOA HEKOTOPbIX 
QaCTeHHH (nMOHa, aMapHuIMca, HaptHcca, 
AyWiucToro Tropolwka H Ap.), BbIpall|HBaeMblx 
B IwaBHomM OoTaHvueckom cazy AH CCCP. 
JlokanH3alHio B OOONOUKE MbWIbIUbI OeJKOB, 
KJIeTUATKH WH M€KTHHOBLIX BeLIECTB MbI H3y- 
qa Ha Mblibile, tbuKCHpoBaHHoH B 70% 
cmupTe, MOKaIH3alwio cdepMeHTOB HM acKOp- 
SOHHOBOH KHCJIOTbI — Ha 2KHBOU, CBexKecoo- 
paHHon nbivibie. Ilepey npoBeyqenuem peakuHnit 
Mbl HAHOCHJIM TbIJIbIy Ha MpejMeTHble cTeK- 
ila, MOKPbITble TOHKHM cCwl0eM elle Terlvoro 
arapa, Onarojapsa YeMy MbWIbia MpM OcTHI- Puc. 2. O6onouKa nbwibubt Hakea tri- 
BaHHM 3aKpelliasiacb Ha cTeKIax. Bo3HHKa- — furcata (no Spzrmany, 1956). n. “.— 
woulve B Tpowecce peakuMH rucToxHmMHyec- moOpoBbie MeMOpaue! 

KHe KapTHHbl H3y4aHCb C MOMOMIbIO ONTH- 
4eCKOrO MHKpocKola — pH HMMepCHOHHBIX yBemMyeHHAX (90 x 15). Bce px- 
CYHKH CeaHbl pH NOMOMIM pucoBabHOro annmapata PA-4. 

MexaHuueckKHe KOMNOHEHTH OOOROUKH., PucToxumn- 
deckoe H3y4eHHe OOOOUeK MbWIbIbI MbI Hada C OOPaAOOTKH ITIbWIbICBbIX 3epeH 
SObINHBIMH MHKPOXHMHYCCKHMH peaKTHBaMH, IIPHMCHAeCMbIMH MJIA BbIABJICHHA 
3 OOONOUKAX PaCTHTebHBIX KJIETOK KJIeTUATKH (XJIOPWMHKHOL), MeKTHHOBBIX 
BeleCTB (pyTCHHH KpacHbIli) H BellecTB WHMHAHOK ppakuun (cyyzau III). 

Heo6OxogjumMo HecKoNbKO MospoOHee OCTAHOBHTECA Ha BOTIpoce oO cosepxKaHHH 
KleTYaTKH B OOOIONKe MbIIbILeBOrO 3epHa. Ecsu WemO03HaA IpMpofsla MHTHHbI 
dMKOra HE BHISLIBAJIa COMHEHHH, TO BOMpoc O MpHCyTCTBUH KJIeTYaTKH B 9K3MHE 
JO CHX NOp HOCHT JHcKyCCHOHHBIN xapaKkTep. Hapsyy c yKa3aHHAMM Ha TO, 
iTO B COCTaB 9K3HHbI, MOMHMO JpyrHx BellecTB, BXOJHT HM KwleTuaTKa (?, °), 
IpMXOMHTCA HepelKO BCTpeyaTLCA C YTBeEpPxKACHHAMH MPOTHBOMOORKHOFO xa- 
Gaxtepa (°, 14,16), 

Hauiv 9KCHepHMeHTHI NOKa3aJIH, YTO KeTYATKA COMePXKUTCA He TOJIbKO B 
4HTHHe, HO HW B9K3HHE. OWHaKO B IK3HHE KJIETUATKA BbIABJIAeTCA BO MHOFHX 
enyuaaAx Cc OObUIMM TpYOM, JIMIIb MOCNe LIMTeIbHOrO BbIepKUBaHHA IIblWIb- 
JeBbIX 3€PeH B XJIOPUMHKHOse. OTOT (PaKT yKa3bIBaeT Ha TO, YTO WeIOOSHBII 
2KeJleT 9K3HHbI TyOOKO 3aMaCKHpoBaH JpyrHMH BellecTBaMH — B MepByt10 
d4epedb, MO-BHAMMOMY, CHOPONOJJeHHHaMH, IpeMATCTBYIOULUMM IMpOHHKHOBe- 
4M10 pe€aKTHBa K IeJIJIIOMOSHbIM KOMIIOHCHTAM 9K3HHBI. 

Ha pwc. 3 a noka3aHa NOKaIM3alluA KJeTYaTKH B OOOMOYKE IIbLJIbILeBbIX 
3epeH MHOHA, BBIepxKHBAaBUIHXCA B XJIOPIUMHKWOe B TeYeHHe HeCKOJIbKUX 
que. Kak BHHO 43 PHCYHKA, KleTYATKA COJeEPAKUTCA He TOJIbKO B MHTHHE, HO 
4 B 9K3HHe. OcoOeHHO YeTKO OHA BLIABJIACTCA B TEKTYME /72 M MOJHOMKUH KOJIOH- 
dambt x. Cromb Ke HHTCHCHBHO OKpallleHa NepudepwuecKad 30Ha HHTHHBI. 
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{IpocBeTbI MexKLY KOJIOHHAMH peaKuHH He JaioT. H9K3nHa WH Me3HHA OCTAIOTC 
MOUTH OecUBeTHLIMH. B Tove HIK3HHLI C TpyOM MpocMaTpuBaloTcaA — Tp 
3TOM He BO BCX IIbWIbIeBbIX 3epHaX — CHHEBATHIe padHaIbHble TAK, OTXOLs 
Wie OT NOJHOKHA KOJIOHHALbI; HEKOTOPble H3 HHX JOCTHTaloT Me3HHBI. 

PacnpezeseHve B OOONOUKE MbIIbIbI MeCKTHHOBEIX BeII€CTB H BEeULeCTE 
OKpallMBaioiluxcsa cyjaHom III, 61u3Ko coBmayaeT c pacnpefqereHHem KuIeI 
uaTKH. 

Beak. Tlocne sto noxroroBuTebHOH paOoTbl MbI IpHCTYNMWIH K pas 
peWleHHIO OCHOBHOH 3aflayH HCcceOBaHHA — BbIACHEHHIO BOTIpoca O CBA3 
MexKLy OOOO4KOH H IWIa3MOH MW, COOTBETCTBEHHO, O BOSMOXKHOCTH B3aHMoser 
CTBUA Ma3MbI MbWIbIeBOrO 3epHa C OKpPyxKatolleH ero Cpesoi CKBO3b OOOOUKY 
Jina 9TOroO Mbl OKpalliMBaih OeKH MbVIbIbI OpompPeHOMOBbIM CHHHM (B@C) (14) 
PesyIbTaTbl H300paxKeHbl Ha puc. 3 6. 3yecb pee Bcero OOpamlaeT Ha CeO. 
BHUMaHHe (akT IIpHcyTCTBHA OeKOB B OOOOUKE MbIIbULI H OM3KOe CoBNareE 
HHe JIOKaJIM3alH OeKOB HM KsleTUaTKH (cp. puc. 3a u 6). OcobeHHO HHTeHCHBH 
OKpalluBaeTcaA TEKTYM KOJOHHAJBI. 

Hsk3nuHa H Me3HHa IIblJIbIeBOrO 3epHa (plc. 3 6) OKpaliMBaroTca BOC 
6eqHO-roswyOoBaTHI TOH. IIpH STOM B OTJeJIbHbIX MbIIbILEBLIX 3eEPHaX, OKpa 
eHHBIX BOC, B Tose HIK3HHbI NPOCBEYHBaJIM YYTb 3aMeTHble OeHO-rosyOb! 
pajHaJIbHble TAK, AHAJIOTHYHIE 10 PopMe HK MOIOXKeHHIO He JHONOSHBIM TAIKAM 
H3800paxKeHHbIM Ha pH. 3 a. 

OueHb APKO BbIABJIAIOTCA O€IKH B MHTHHE (puc. 3 6), oco6eHHO B ee nepH 
tbepHuecKoH 30He. Bpicokoe cosepxkaHHe OeKOB Ha NepHdepHH MHTHHbI COE 
TlaaeT C APKOH peakiUWel Ha KJIeTYATKY HM MeKTHHOBBIe BellecTBa (cp. pc. 3. 
v 6). Cy To OO6HJIMIO B HHTHHE OeIKOB, OHA MpescTaBsAeT COOOIO Kak Obi HeUT 
cpeqHee MexKLy Twa3MoH HW COOcTBeHHO OOOOUKOM: THNHUHBIe via OOON04K! 
MeXaHWyuecKHe 9JIEMCHTHI TECHO TepelieTaOTCA 3feCb C MOMIHbIMH pasBeTBue 
HHAMH Ivla3Mbl. 

Baugy OH3kOro COBMaeHHA NOKAIH3alun OeKOB, BbIABJIAeMOH IPH MOMOUL 
BOC, c sokamHsalvel B OOONOUKe KJeETYUATKH, M€KTHHOBbIX BeLLeECTB H CoelH 
HeHHH, OKpallMBaromluxca cyjaHom III, MbI nposestanH pax 9KCHepHMeHTOB 
MME€BIIHX IWeJIbIO HCKJIOUHTb pesNo/lowKeHHe O BO3MOXKHOCTH OKpPalliMBaHH: 
3TUX CTPYKTyp OOoOUKH OpomMdeHOJIOBbIM CHHHM He 34 CUeT CBASBIBAHMA Kpa 
CHTeIA OeKaMH, a 3a CueT enon ero Ha ApPyruxX BelllecTBax, BXOALLH: 
B COCTaB OOO/IOUKH. 

C 9Toli Westbio MbI MoOsBepramH OeIKH MbIbILbl KHCJIOTHOMY H IleO4HOM| 
rHAPOH3y, a TakxKe esaMuHUpoBaHuio (*) c NocweLyromleH NpOMbIBKOM H OKpa 
uuBanuem B@C. Bo Beex culyyanx OKpacKa CHayavia 3aMeTHO OneMHE HA (puc. 3 
H 2), a BCKOpe H COBCeM Hcuesaua. 

IlocpeqcTBom BecbMa KpaTKOBpeMeHHOrFO ULeOUHOrO THApoOMHsa, pH KO 
TOPOM >%KHpOMOMOOHbIe BeeCTBa, MACKHpyloulHNe OeJIKH, yaJAJIMCb paHblll 
4yeM THApomH3 OeKOB ycieBasl 3alTH CKOJbKO-HHOYIb JaleKo (NbiwIbila H3 
BleKalacb 43 20% pacrBopa NaOH B MoMeHT ero 3aKHNaHHA), HaM yAawJloc 
C JOCTATOUHOH ONpeeJIeCHHOCTbIO YCTAHOBUTb, YTO OeIKH CoepKaTcA H B TE: 
3OHaX OOOOUKN, re Np ApyrHx mpveMax oOpaOoTKH OHH BbIABJIALOTCA | 
HEJOCTATOUHOH ACHOCTbIO, HM€HHO B H9K3HHE HM MesHHe (cp. phe. 3 6 H 2). 

CnemnuuHocth BOC kak peakTHBa, OKPalMBalollero B OOOMOYKAX MbiVIbIL 
MMeHHO OeJIKH, Oba NOLTBepxKeHa TaKKe MPH MOMOUIM OnypeTOBOH peak! 
MH peakuuH Myuaona (iblibia mHoHa, Hapuucca u gp.). Tloq BanaAHnen 
STUX Mpouekyp OG6os0GKA NbWIbIUbI OKPalMBaacb B COOTBETCTBYIONMe IMBe 
Ta, KOTOpble Tp HeOObIIHX YBeJIMYeCHHAX BOCIIPHHHMAJIHCbh OcTaTOUH 
YeTKO. 

Takum 0Opa30M, MpOBeJeHHbl€ HAMH JKCMEPHMEHTHI NOKA3aJiH, ¥YTO OOOMOUK: 
IIbWIbIeBOrO 3epHa HaCKBO3b MIpOHH3aHa Oe/IKaMH, MpHueM OeJIKH OKAa3aJIHC) 
(pakTHYeCKH BLIHeCeEHHBIMM MOUTH Ha CaMYIO MOBepXHOCTb OOONOUKH. OT BHELI 
Hel CpeAbl OHH OTIeJICHbI TOMbKO TOHYAHIMNeH IJIeHKOL N€pHHbl, 1O-BHAMMOM\ 
He IIPeNATCTBYIOMeH B3aHMOseHCTBHIO Remon EE KOMNOHEHTOB OOO/IOUKH | 
OKPyKal0IIMM TblWIbuy cyOcTpaTom. 
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— 06010%Ka NBIIbUL nHOHa, OKpamienHan BOC nocue AByxuacoBoro age t 

25%) cepHolt KucaoTe; e— TO *Ke MocZIe KpaTKOBpemeHHOrO Tuposasa B 20%/> 

5; O—xnoKanusanuA fermppas MH #«e — 1OKanM3anMA acKOpOMHOBOM KUCIOTEI 

OMOUKE MLVILML WHOHA; € — JOKAIM3AlWA KUCINIX ocpatras B OOOMOUKE TIBI 
aMapHuiuca. 
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} @epmenth HM ackKOpOHHOBasw KUCAO TA. Jia BEIACHeHHA 
‘Boupoca — JeHCTBHTebHO JIM OeTKH MbLIbUeBOH OOONOUKA ABJIAIOTCA 2KHBbIMH 
Wa3MaTHYecKHMH OeJIKaMH, CIOCOOHBIMH BbINOJIHATh CBOMCTBeHHbIe 111a3Me 
«usHOJOrMyecKHe (YHKIUMH, HaMH ObWIH NposetaHbl JIA MbIWIbItbl WHOHA Hf 
aMapWiwca PrHCTOXMMHMYeCKHe peaKIUMH Ha eruspasbl, WHTOXpoMOKcHAasy, 
Kucble bocdatasbi (*) H ackopOuHOBy!0 KucJoTy (°), T. e. Ha BelllecTBa, IpH- 
CYTCTBHE KOTOPbIX XapaKTepHO JIA %KU3HELEATeIbHOH MwIasmbl. Bce 3TH Bellle- 
CTBa ObIIH B OOONOUKE MbWIbIbI OOHAPYKeHH. 

Kak BHJHO H3 pHc. 30, JOKaIM3aluAa KpucTasmMuecKOrO OCaKa, YKa3bl- 
Baloulero Ha MpHCyTCTBHe AerHApa3s, BeECbMa TOUHO COBMaaeT B OOOMOUKE MbIWIb- 
Iibl C NOKaAIH3alHeH OeKOB, BLIABAIOMLeHCA Cc momoltbIO BOC. Bnomue ana- 
JOrH4HyIO KapTHHy flaeT peaKWMA Ha WHTOXpomoKcHAa3sy. He3HauuTespHble 
‘OTKJIOHCHHA, He MMeIONIMe MpPHHWHNHaIbHOrO 3HadeHHA, HaOmOMaNIuch pu 
NpOBeeCHHK peakiHi Ha KUCJIbIe Pocdatasy (pHc. 3 e) H ackOpOUHOBy!0 KHCJIO- 
Ty (puc. 3 a). 

_ [Ipucytetsue B oO00uKaX. MbIWIbUbI (epMCHTOB H ACKOPOHHOBOM KUCJIOTHI, 

ONM3KO COBMAaaoulHxX MO paCMOJIOXKeHHIO C JOKAIH3alueH OeKOB, HE MOKeT 
‘He pacileHHBaTbCA KaK yKa3aHHe Ha TO, YTO 39TH OeKH JeHCTBUTebHO ABJIS- 
YOTCA XKH3HETCATCIDHBIMM Ta3MaTHYeCKHMH OeKaMH. 
_ CyMMupys pe3yJIbTaTbI paOoTbl, Mbl CUHTAeM BO3MO2KHBIM YTBepxKLaTb, UTO 
OOONOUKA MbINbIbI, HECMOTPA Ha CBOIO BLICOKYIO XHMHYECKYIO YCTOMUMBOCTH 
‘MM THpodoOuoctTh, OTHIOAb He ABAAeETCA HeNPOHUMAeMbIM OapbepoM, OTMe1A10- 
IWIMM 111a3My MblIbIeBOro 3epHa OT OKpyxalouleH ero cpeynl. Hanporus, sta 
OOoON0UKAa, NPOHH3aHHaA OTBETBJICHHAMH [1J1a3Mbl, CaMa Mo ceOe ABJIAeTCH 2KH- 
BOH, (PHSMOJIOTHYCCKH AKTHBHOM CTPYKTYPOU, Uurpaloule BeCbMa OTBETCTBEHHYIO 
pOJb B Hpouecce B3AHMOJeCHCTBUA MbWIbUbI C BHeMIHeH cpesol. Baxuetuman 
CTOPOHA STOFO B3AMMOJeCHCTBUA 3aKJOUAeTCA B TOM, YTO IasMaTHyecKHe OeIKH 
o6o04KK OCYMMECTBIAIOT SKCTPAalleNMONAPHy!o CeKpelHio PepMeHTOB, M3U- 
PYOULNX OKPyXKarouluii NbWIbWy cyOcTpaT, H CnocoOcTBY!OT YCBOeHHIO IIbWIbILe- 
BBIM 3€PHOM IIPOAYKTOB 9TOrO JIH3HCa. 

Bmecte c TeM, yCTaHOBJICHHbIN HAMM (bakT COBNaJeHHA B CIK3HHE JIOKAJIH- 
SalkHH Wa3MeHHbIX OeIKOB H MCXAHHYeCKHX CTPyKTyp CBHJeTeJIbCTBYeT O TOM, 
“NTO CKYJbBUTYPHBIM pelbed 9K3HHEI BOSHHKAECT B Pe3yJIbTATe HeMOcpeCTBeEHHOH 
JleaTesIbHOCTH Nva3MaTHYeCKHX SJIEMCHTOB, NPOHH3bIBaIOULHX OOOOUKY, U onpe- 
“JenaeTcah B OCHOBHOM HX cbopmoli Mu pa3mepamu. Ham mpefctTaBaaetca, 4TO 
NOJYyYeHHbIe B HacTOAMeH paOoTe WaHHble MOFyT CJYKUTb JONOMHUTeIbHbIM 
“apryMeHTOM TIPOTHB YTHMoTesbl, COrMaCHO KOTOPOHM CKYJIbNTypa 9K3HHbI BO3- 
“HUKaeT H€3aBHCHMO OT 111a3MbI MbIIbIbI H CO3aeTCA B pe3yJIbTAaTe HEKOHTPO- 
TIMpyeMOro 11a3MOH HaJlOWKeHHA Ha MOBEPXHOCTH MIbWIbILeBOrO 3epHa BeULeCcTB, 
BXOAANLUX B COCTAB MpOLYKTOB pacnajla TalleTaJIbHbIX KJIeTOK (CM. OO30p 3TOTO 
Bompoca B (%)). 

He nogviexuT COMHEHHIO, 4TO BELLECTBa TAlleTyMa HCHOJIb3YIOTCA B rpowecce 
Pa3sBUTHA TbWIbIeBOrO 3epHa, B YACTHOCTH H Ha NOCTPOeHHe C9K3HHBI, HO. CTOJIb 
7K€ HECOMHEHHO H TO, YTO 9TA CTPOHTeIbHaA paOoTa OCYULeECTBJIAeETCA TO, KOH- 
een oOHapyXeCHHBIX HAMM TJla3MaTHYeCKHX KOMIOHEHTOB OOOJIOUKH. 
Toerynuso 
) ‘ 27 XII 1960 
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Jloxknaaygn Akagqemun nayr CCCP 
1961. Tom 138, Ne 2 


PH3HOJIOTHA PACTEHHH 


M. A. AJIH-3AQE 


BJIMAHHE rMBBEPEJIJIMHA HA POCT fJLYXHX MOBEFOB 
YAHHOLFO KYCTA 


(IT pedcmaeaeno axademuxom A. JI. Kypcaxoeoim 12 XII 1960) 


Kak H3BeCTHO, B 3ABHCHMOCTH OT YCJIOBHH MpouspacTaHHA HW BO3pacTa MViaHn- 
TalWli YHCIO OOpasylOllHxcH Ha 4YalHOM pacCTeHHH rlyXHx noOeroB WIKpoKO 
Bapbupyet. 

IIpuH 6aronpuATHBIX yCJIOBHAX TIYWIKH Yepes oOllpeseseHHOe Bpema Nocse 
HX IOABJICHHA MepeXxoAT B COCTOAHHe BTOPHYHOTO BHAMMOLO poctTa. 

Kak MoKa3aJIHW HallIM OMIbITbI, Ha OPOLaeMbIX TJlaHTalWMAX B COCTOAHHE 
aKTHBHOTO pocTa NepexOLUT 3HauNTesIbHad YaCTb PlyXHX NoOeroB, Tora Kak Ha 
HENOJIMBHbIX KyCTaX OHH Josroe BpeMA HaXOAATCA B COCTOAHHH BbIHyKJeHHOTO 
nokos. Mp 3aqamucb UWebiO H3YYHTb BIIMAHMe rHOOepesmHHa (?~°) Ha pocT 
PIYIIKOB B yCJIOBHAX OpomeHuA. M3BecTHO HeECKOJIbKO paOoT, MOKAa3bIBaIOWHX 
MOJIOKUTeMbHOe BeHCTBHe THOGepeIMHA Ha POCT MOJIOAHIX NoOeroB YaHHOrO 
Kycta (°, ’). B Hamux MpexKHUX OMbITAX OMPbICKHBaHHe KYCTOB 4a B OCeHHHI 
MepHo pacTBopoM ru6GepenuHa B KOHUeHTpauHH 200 mr/a pesko CTHMY.JIH- 
POBaJIO POCTOBbIe IIpoecchl: Mocse O6paOoTKH THOOepeJIMHOM MHOTOUMCAeHHbIe 
Ma3ylUHble NOUKN MOM B pocT H OOpa3s0BaIM HOPMaJIbHbIe ia COopa sucTa 
modern (8). 

Mbt HCXOAHIM 43 T1pesNOJOReHHA, YTO THOOePeJJIMH MOMKET AKTHBUPOBATb 
POCTOBbIe Mpolleccbl B BEPXYUWICUHBIX MOUKaX TwIyXHX No0OeroB H YCKOPHTb UX 
lepexo, K BTOPHYHOMY POCTy HM OOpasOBaHHIO HOpMaJIbHEIX MoGeroB. J\ia 9Kc- 
NePHMeHTaJIbHOH MpOBepKH STOO NpeANoOKeHHA MbIB 1960 r. MpoBeIH pA OMBbI- 
TOB 110 HCMbITAHHIO JeHCTBHA THOOepesJIMHAa B pasJIMUHbIX KOHICHTPallHAX H B 
pasHble cpoku OOpaboTKu. Bce uccmeqoBaHHA MpOBOAMIUCh Ha YaHMHbIX KyCTAax 
NOJIMBHBIX BAPHAHTOB MOJeBOrO OMbITa, 3aoxeHHOTO MucTuTyTom usHouoruu 
pactenuit um. K. A. Tumupsa3sepa AH CCCP B cosxose «Aspopa» JlenkopaHcKoro 
pationa Asep6CCP (°). Mcnonp3opanca ru66epermHH mpousBoyzcTBa Kyprau- 
CKoro 3aBojla. 

B onpite I B AByX MecTax wMasepbl OblwIO OTOOpaHO H 3a9THKeETHPOBaHO 
200 oOJMHAaKOBbIX TO BHeLIHeMy BHAY ABYXJIMCTHBIX rtyuiKoB. 100 u3 Hux 
ONPBICKMBaJIMCb PacTBOpoM ru66epenmuHa (100 mr/n), a apyrve 100 — Bogor 
(KOHTpoJIb). OnpbiICKHBaHHe Mpov3BoO_M0ch TpwxKUbI: 21, 24 u 27 VI. Pacte- 
HHA ObWIH TO HaGsoOeHHem c 21 VI no 28 VII, npHuem Kable HeECKOJIbKO 
HEH OTMeYaJIOCb YHCJIO HOBLIX TPOHYBIIMXCA B pocT TvrywikoB (cM. Taos. 1). 

Kak BuO u3 Tab. 1, K Kony onpITa (28 VII) aucno pactymHx Bepxyuie4- 
HbIX MOWeK TJLYLIKOB Ha KOHTPOJIbHBIX KycTax cocTaBuias0 54 (u3 100) up cpex- 
Heli viMHe N0G6eroB 22,7 mM; Ha M06ere Oblwio B cpewHem No 1,8 aucta. Ha onpir- 
HbIX KyCTax pocJIM BepxymleuHble noukH 88 rayurKkoB (v3 100); cpeqHAA Qua 
OOpasoBaBIUHXCA NOOeroB paBHsAacb 51,7 MM; Ha 3THX MOGerax OblIO B CpewHeM 
nfo) 21k sqonearel, 


470) 


B onsite I] Takxe 6bi0 no 100 onbiTHErx (ru66epeimMH) HM KOHTPOVIbHBIX: 
rayukos. Ho npu stom 50 u3 Kaxkgol CoTHH OBI COBepIIeHHO CBeXxKHMH, a 50 — 
orpyOeBUIHMH, Oojee WH MeHee CTapbIMH IJIyWIKaMM 9TOrO rosa BereTallMun. 
KontentTpallua ru66epesiuna B onpite I] 6pia 200 mr/n. Cpoku onppicKuBaHnua: 
p2! 25 n 28 VII. 

Ha o6pa6oTannpix ru66epesHHOM KyCTax BepXyIIe¥HbIe NOUKU TTyXux T0- 
OeroB, He€3aBHCHMO OT HX BO3pacTa, OBICTPO TepelWIH B AKTHBHBI, BHAUMbIit 
poct. K 17 VIII na66 us 100 3a9THKeTHpoBaHHBIX rIyxXHXx MO6eroB, HAXOAMUX- 
CH Ha OOpaOoTaHHEIX rHOGepeJIHHOM KyCTax, BepXyIleuHbIe NOUKH OOpasoBasn 
m06erH JIMHOIO B CpeyHem 74,5 MM; Ha HUX ObIIO B cpeqHeM 10 2,4 ucta. K stomy 


-cpoky Ha 20 u3 4yucna ocTaibHbIxX 34 riyuIKOB BepXymleuHbIe MO4KH Hepe- 


mt 


MH B HepHox BuYLMMorO pocta, a 14 HaxOAMINCb B COCTOAHUM CKPbITOFO poctTa. 
Ha KOHTpOJIbHBIX KYCTaX K KOHILy OMbITa BepxymlegHble Mo¥KH 26 ratyuIKOB 
(v3 100) pocau u o6pa30BaM moGeru AMHOW BCpeqHem 42 MM, Ha KOTOpDIX 
OblIo B cpeqHem no 1,6 mucta. BepxymieuHbie NouKH ocTaIbHBIX 74 ryLIKOB 
HaXxOAWJIMCb B COCTOAHHH BuANMOrO (22) u cKpHiToro (52) pocra. 
Ta6dauna 1% 


Bausnve ra66epemiuua Ha pocr riyXxux n06eroB 


| 
7 Vil 14 VII {6 VII 22 VII 28 VII 


Uncno TpoHyBuIHX- 
cH B pocT rayu- 
KOB 5 2 6 18 16 29 iN5; 2 il 

Jinuna mo6era, mm | 24,6 | 46,9 | 21,9 | 39,0 | 29,7 | 80,1 | 18,7 | 44,0 | 15,4 | 36,2: 
Uncno WJHCTbeB Ha 
’ moGere fe Oe 2:0 Lees 20) hs) 2) Aah gl pa) od Zr 


I]pumMeyaHHe. K — KOHTPOJb, Fr — oGpa6otKa rud6bepeHHoM. 


B onsite III, rge Obima nocTaBleHa 3ajaua MpoclelHTb 3a POCTOM Bepxy- 


‘IWe4HbIX MOYEK FJIYUIKOB OT MOMe€HTa o6pa30BaHHuaA AO WpeBpallenusA HX B HOPMaJIb- 


Hbie MOOerH, B IpPyNily «COOCTBEHHO OMbITHYIO» H KOHTPOJIbHY!O ObIWIO BKJIIOUeCHO 
mo 200 rmyuIKoB; 4epe3 KaxKUble TPH WIA Cc HHX CHUMaJIM TO 15 BepxymeyHbIXx 


nouek. MecneqoBasicsa CKPHITHI pocT (10 GHHOKYJIAPHbIM MHKPOCKONOM) H BH- 


Ta6nauna 2 
Bausnne rn66epesiuHa Ha pocr BepXyWIe4HbIX MOYeK PyWIKOB 

26 VII | 29 VII} 4 VIII] 4 VIII} 7 VIII 140 VIII\15 VIII 
O6paboTrKa ruOGepenauHHOM 
Jlnuva MouKH, MM 4,6 O00 | ome 8,4 
Uncno 3a4aTKCB 4,0 ail 4,0 6,0 = 
Unco 6OKOBBIX NoveK Doe PD) Dies Sd) : 
JinuHa no6era, MM - AR a Nia ie |e ON 
Uucno mucTbeB Ha moGere 1,0 il 2 1,4 

KouHTpoOdb 

JiauHa moukKH, MM 4,4 Dal, ee | 5,6 | Dig) 6,1 sical 
Uncno 3a4uaTKoB Ben Be | Bb. let 4 OW I4, 2-4 
Uncno 6oKoBbIX NoueK aA 252 Pees) 2aieal Zp PEL, 2,4 


JuMbIM poct (O6brmuHbIMH Mpomepamn). OnpiT III saknagpiBanca 27 VII u qana- 
ca 0 15 VIII. Onsirupie KycTbl ONPbICKHBaJIMCb pacTBOpoM rHO6epesHHa B 
KoHWeHTpaunH 100 mr/a, B ueTEIpe cpoka: 27 u 30 VII w 2 uw 5 VIII (Tabu. 2). 

STM JlaHHbIle TOKa3bIBaloT, TO rHOGepeIMH YyCKOpAeT lpoxoxye- 
HHe CKPbITOrO pocTa BepXYyIMeuHbIX MoOueK TviywWKOB. Ec Ha KOHTPOJIDHBIX 
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"KyCTaX KOHell CKpbITOrO H Ha¥aslO BUAMMOFO POCTa BEPXYINeIHbIX NOYeK PIYUI- 
‘KOB HaOmoganucb 15 VIII, To Ha OOpa6oTaHHbIx rH66epemIMHOM KycTax yxe 
kK 4 VIII 3HauHTebHOe YHCIO BepXYUICUHbIX MOYeK Mepelio B NepHo, BAAMMO 
‘ro pocta, a K 15 VIII 9TH nouku npeBpaTumucb B nOoGerH pa3sMepoM B 27 mM, 
Ha KOTOPbIX HaxOMHsI0Ccb B cpefHeM no 1,4 smucTa. 

Pe3ybTaTbl Pia AONOJHUTeIbHBIX OMbITOB NOATBEPAHIH MpHBeeHHbIe BbI- 
ile JaHHble, CBHJeTeJIbCTBYIOUMe O BLICOKONM adieKTHBHOCTH rHuO6epesHHa B 
AKTHBAPOBaHHH POCTOBbIX MPOLeCCOB B BePXYWICYHBIX MOUKAX PIyXUX m1o6eroB 
‘yaHHOrO KyCTa. 


Hayuno-uccsleqoBaTesIbCKHH MHCTHTYT 3eMJleqeHA TloctynHo 
AkafeMHH C@JIbCKOXO3AHCTBEHHEIX HayK A3ep6CCP 10 XII 1960 
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Wloxaagm Akagemun nayr CCCP 
1961. Tom 138, Ne 2 


PH3ZHOJIOTHA PACTEHHH 


H. H. BOJIONAPCKHH 


K BONMPOCY O 3AUNBETAHHH KOPOTKOAHEBHbIX PACTEHHH 
h | MPH HEMPEPbIBHOM OCBEILEHHH 


(IT pedemaeaeno axademukom A. JI. Kypcaxosim 18 I 1961) 


-Pavee MbI CooOaiu 0 3allBeTaHHH XPH3aHTeMbI B YCJIOBHAX HeIpepbIBHOrO 
BeINCHHA, IPHYeM OTMeYAJIN 3HAYeHHe POCTOBbIX MPOIeCCOB B OCYILeCTBICHHH 
STOrO ABJICHHA: PaCTeHHA 3allBeTAaJIH TOJIbKO B TOM Cyly4ae, eCIM Ha HAX CHCTe- 
MaTHYecKH yaa OOKOBbIe HHTeHCHBHO pacTyulve moOerH. HM TaKHM TyTeM 
(CHIMBaIH IIPHTOK MNHTATeIbHBIX BeWLeECTB K BepXyuike riaBHoro mo6era (*), 
| Wocnenyrouywe onbitbl c nepHto macamuHoi (Perilla ocymoides L.) nog- 
BEPAMIH OOIbULYIO POJb POCTOBbIX MIpOWeccoB B APOXOMJCHHH THNHIHEIM 
OPOTKOJHEBHBIMH paCTeHHAMH CBeTOBOH CTaHH pa3BUTHA B YCJIOBHAX He- 


HpepriBHoro ocBemlenua (Tad. 1)*. OqHaKo B cpaBHeHHH C XpusanHTeMOli 3yecb 
' i Ta6Omuna 1 
5 
\ Bausuve onepalnl wa wBerenve NepHbI MaCJIHMUHON Mp HelpepbIBHOM OCBeIMeHHH 
~ 
os oy 
3 Uncsno Het mo OyTo- 
“5 Husalun 
{= | Soronepuogzuueckue vee i lh tig tt res 
ycnopua * apaktTep onepauuh H BpeMA HX BbHIMOMHeHH A 
| fa OT NOABM. |mocANe one- 
ie BCXOJIOB palun 
; 
1 | IlocrosuHo H. oO. Boxkosple noOeri yawatu mo Mepe ux nox”B-| Byronugannn HeT 
( JIeHuA 
pe To 2#xe 64 qHaA 6e3 onepaunh, 3aTemM Ha pacTeHusx 
i ocTaBIAnH mo 12 HYXxKHUX WHcTbeB, Apyrue 
f JMCTbA W OOKOBbIe MOOern MOCTOAHHO Yfa- 
4 JAS 167 103 
3} yr a> To *e, HO pacTeHHA 6e3 onepannu 25 HEH 116 91 
4 yd 26 qHelt 6e3 onepalunli, 3aTem ekannTayua| ByTonvsaiuu Her 
; Hay 6-M SMCTOM UU OTPalluBaHHe BepXxHero 
O6o0KOBCrO moOera ¢c JHCTbAMU 
5) oo To »#e, HO Ha OTpalliuBaeMoM OoKOBOM MoGere 129 103 
HOCTOAHHO yadinu Bce JMCTbA 
6 age Bes onepaunii 154 — 
7 |26 gHeit H. O., 3a-|C nmepeBoqoM Ha K. J. Ha pacTeHHvAX OCTAaBJe- 54: 29 
; TeM K. Jl. Hbl 3aKOHUHBIIMe POCT JMCTbA; OOKOBBIe T0- 
H Oeru MOCTOAHHO yaaa 
Sur. Jos HeMpepbIBHOe OCBeIeHHe; K. R.— KOpoTKuii (9-uac.) Fenb. IloBropHocth oubita 4-KpaTHas. 


AMeIHCb CBOH OCOGeHHOCTH: YTOOLI BbI3BaTb Ha HelPePpbIBHOM JHE IBeTeHHe, 
y pacTeHH XpH3aHTeMbI JOCTaTOYHO ObIIO CHCTeMaTHUeCKH yalATb OOKOBbIe 
io6eru, a y Mepubl He TOKO OoKOBbIe NOOerH, HO H BepxXHHe HHTeCHCHBHO 
dacTyuHe sucThaA. [locneqHee ACHO BUAHO IpH CpaBHeHHH BapvaHToB NoNe | u 2, 
a taxxe NoNe 4 u 5B Ta6n. 1. Sry ocobeHHOCTh MOXKHO OOBACHHTH CeMYIOULHM 
96pa3som. 


] A 

| * O mpeTeHHH MepHIbl MaCIMUHOM B yJIOBUAX HeMpepbIBHOFO OCBeLeHHA OMHUM 43 NepBbIXx 
soo6meno A. A. Kopuuaospim (*). Um Take oTMeyeHO UBeTeHHe B STHX YCJIOBHAX Mpoca U 
tymu3pr (3, 4). 
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Vi3pecTHOo, 4TO (H3HONOTHYeCKH AKTHBHbI€ BeILeCTBa, HeEOOXOAMMBIC A 
OCYIUIECTBJICHHA Ka¥eCTBCHHbIX H3MeCHeHHH B KOHYyCe HapacTaHHA Ha CBeTOBO! 
CTaHH pasBUTHA, BbIPaOAaTHIBaIOTCA TOJIbKO B 3AKOHUMBINMX POCT MHCTHAX (°) 


Puc. 1. Xpu3saHTema mpH HenpepbIBHOM OcBelleHHH. Cmpa- 

Ba — pacTeHve HeomepHpoBaHHoe (cTpeKOH mOKa3saH «Ox- 

HbIH 6yTOH»); cleBa — OOKOBbIe NOGerM NOCTOAHHO yfasAIH, 
Hayao wuBerenusd. Bug cpepxy. Moto 28 IX 


Orcrojja BMecTe C OONIMM TOKOM IIMTATeCJIbHbIX BelleCTB (pu3 HOJIOrHYeCcKH aKTHB 
HbIe BeULeCTBa HallpaBJIAIOTCA K BEPXYUIKE PlaBHOrO mo6era, HO NO WYTH OF 


Puc. 2. lepuina macuuunaa. Crepa — pac- 

TCHHE IOCTOAHHO IIPH HeMPepbIBHOM OCBe- 

I[@HHH, OOKOBbIe noberH CcHcTemMaTHUeCKH 

yaatu, OYTOHUsalHH HeT; cipaBa — pa- 

CTeHHe NOCTOAHHO Ha KOPOTKOM He 6e3 ome- 
pallu, mBeTeT 


B OObUIeEM HJIH MeCHbINeM KOJIMUeCTB 
MOCTYNaloT B pacTyujHe OoKoBble no6er: 
H JIMCTbA WM 3f/eCb pacxOfyloTcA B po 
mecce pocra. TakumM oOpa3somM, K Bep 
xyuike mo6era nocTymaeT TosbKO 4acT 
(pHSMOJIOrH4eCKH AKTHBHBIX BellleCTE 
oOpasylOWlHxXcCA B 3aKOHYMBINHX poc 
JIMCTbAX. 

Y XpH3aHTeMbI Ha HEIpepbIBHOM JH 
BbipaOaTHIBAeTCA 3HAYHTEbHO OOJIbUI 
(pHSHOJOrHMYeCKH aAKTHBHBIX BEeIILeCTE 
4YeM Y Tl€pHJIJIbl, OO STOM MO2KHO CYAUT 
10 BOSHHKHOBeHHIO CBOeOOpasHOro MOP 


' oslormyuecKoro oOpas0BaHHa — «JI0x 


Horo OyTOoHa» — Ha BepXyYUiKe rJlaBHbIl: 
moOeroB HeOMe€pUpOBaHHbIX pacTeHy! 
(puc. 1). Tlossaenue Ttaxoro «GyToua 
ABHO CBHJe€TeIbCTByeT O60 M3MeCHEHH 
KaueCTBEHHOrO COCTOAHHA pacTeHus 
Tlocuie yaneHua OOKOBBIX MOGeroB ycHu 
JIMBaeTCA MpPHTOK crielHpuHyecKHXx Be 
uleCTB K BepxXylike rsaBHoro nooere 
MW «OYTOH» MocTeneHHO pa3BHBaeTcs 
THNMYHbIM WBeTOK. 

B oTmMune OT XpH3aHTeMbI B TOU 
Kax pocta nmoOeroB HeonepHpoBaHHbl 


pacTeHH MepHJIIbI Ha HeMpepbIBHOM JHE HHUKAKHX MOpPMoOJorMyecKHX M3ME 
HeHHH He BOSHHKaeT. OTO CBHJETEIbCTBYeT O TOM, 4TO B 3AKOHYMBINUX poc 
JHCTbAX MePHJIIbI (PHSHOOPHYeCKH AKTHBHBIX BelLeCTB BbIPabaTHIBaeTCA MAJIC 
H OHM B OOMbUIMX KONMYeCTBAX NOoTpeOAIOTCH B Mporecce pocta. Yaanenu 
OOKOBbIX MOGeFOB y Hep Jb! HEMOCTATOUHO AJA TOPO, YTOObI OGecHeYUTh HYMKHbI 
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JPOBEHb TIPHTOKAa MH3HOMOrHYeCKH AKTHBHBIX BellleCTB K KOHYCY HapacTaHHs 
MiaBHOrO moOera. ITO cBA3aHO C H3MeHeEHHEM Y MepHJJbI Ip yAaseHuu OoKo- 
BBIX T1OGeFoB XapakTepa PocTa BepXyINeyHbIX JIHCTbeB (Yero HET y XPH3aHTeMB!): 
kaka HOBAA Mapa MHCTbeB pacTeT HHTECHCHBHEE H Jobe, YeM NpesbILylas; 
B peSy/IbTaTe Y BePXYIKH riaBHoro noGera OOpa3yeTca Gouplad 30Ha HHTeH- 


4 


SMBHOrO pocta, a pacTeHve MpHvoOpertaet OOpaTHOKOHYCOBUAHYIO opMy (puc. 2). 
B cBa3u C STHMH OCcOGeHHOCTA- 
MU, UTOOI BbIZBATh OOpa30Ba- 
que COIUBeTHA Ha BEepXyuIKe 
‘aBHOrO MoGera nepHsEI, He- 
9OXONMMO yaATb Ha HeM He 
fOMbKO OoKoBBIe noGeru, HO 
BepXHHe€ HHTCHCHBHO pacTymHe 
MUCTHSA. 
' HeckoJbKo HeOOBISHO Be 
ceOA Ha HEMpepbIBHOM [He He- 
SepHpoRaHHBIe pacTeHHa me- 
Jbl (BapHaHT Ne 6): y Hux 
OHBI OOpas0Basluch B HHK- 
ie yacTH OOKOBbIX moOeroB 
oporo nopsaka Ha 154 jeHb 
| ae BCXOOB (puc. 3). Y sTHX 
JaCTeHHH B CBA3H C OOJbUIHM 
HHCJIOM MoOeroB MCTbA poOcJiH 
WeHee SHEPrHuHo H paHbile 3a- 
kaHUHBaIM pocT, yem y pactTe- 
aM MepBoro BapHauTta. Ilo3- 
toMy Ha mo6erax BToporo mo- 
AKA BO3SHHKIaA OOWNpHAaA 
30HA SAKOHUMBIUMX POCT JIMCTb- 
3B H TaKHM OOpa3om CO3a1HCb 
\aronpusaATHbIe yCNOBHA Aas 
TawuuHoro cTapeHHaA ma3yLl- 
IbIX TIOUe€K B HHKHEH 30HE N0- 
jeros. B cBeTe HOBeHINHX aH- 
ibIX 06 OOMeHE BelllecTB MexKLy. 
SOPHEBOH CHCTeMOM H HafssemM- Puc. 3. Mepunna macauuHasd mpH HenpepBIBHOM ocBe- 
(BIMH opraHaMH pacTeHua (°) weHHH. Cresa —B case 8 IucTbeB Ha pacTeHHH OcTaB- 


sleyer TaKXKe HMETb B BLY weubt 4 Jucra, pacreHve 3alBeso Ha 91 feHb ‘nocare 
> 


06 ; onepaluH; cipaBa — pacTewHe He onepHpoBaHo, 3a- 
TO STOT OOMCH Y Pe3KO P43-  yeeno na 154 geHb Mocae NOABIeHHA BCXO_OB (oTMe- 


IMUHBIX 10 CBOelH CTpykType yeHa 30Ha IIBeTeHHA NOGeroB BTOporo MOpsyKa) 
jacTeHui BapHaHToB NeNe | u ; 
} Obl pa3NH4UHBIM, H 9STO TaKKe MOFIO HANOMKUT OTMCYATOK Ha NpOXowK enue 
THMH paCTeHHAMH CBeETOBOH cTaqHH. 
- B onsrrax H. A. Kosnopoii, E. A. Epmonaepoii u I]. Bauxa (*) c nepuanon 
faCIH4YHOH TOPMOMKEHHE POCTOBbIX MPOIeCccoB C MOMOMbIO FHpasHya MaJieHHO- 
io KHcHOTH (TMK) Takxxe cnoco6cTBoBasIO 3allBeTaHHiO pacTeHHH B YCJIOBHAX 
wiHHHOrO Qua. JieicrBue TMK 3yecb Obl0 KOJHYCCTBEHHBIM: STOT Mpenapat 
i€ BLISKIBaa, a JIHUIb YCKOpsa wBeTeHve. To, uTO 30eCb HMeJIO 3HadeHHe Top- 
1OxKeHHE POCTOBLIX MpoleccoB, a He CTapeHHe JIHCTbeB, KaK CUHTAIOT ABTOPHI, 
‘MAHO H3 CueLyromlero: B HallIMX OMbITaX, MpH yasleHHH Ha NoOere BepXHUX 
[HTeEHCHBHO PaCTYIIHX JIHCTbeB, OCTABJICHHbI€ Ha PpaCTeHHH JIMCTbA CTapelH u 
WMUPaJIH 3HAUHTEIbHO MeAJIeHHEee, EM JIMCTbA TOFO 2%Ke Apyca y HeomepHpo- 
\A@HHBIX PaCTeCHHH; MexKy TeM, ONepHpOBaHHble paCTeHHA 3allBeTaH Opictpee. 
| Tenepp, KOrla TBeplO YCTaHOBJIeH (akT 3allBeTaHHA THMHUHBIX KOPOTKO- 
HeBHBIX paCTeHHH Ha HeMpepbIBHOM JHE, MOMKHO CYHTATb JOKa3aHHbIM, UTC 
' 9THX pacTeHuli du3HOTOrMueCKH aKTHBHBIe BellecTBa, HeOOXOHMbIe MIA 
CYULECTBICHHA KaY¥eCTBeHHbIX H3MeCHCHHH Ha CBeTOBOH CTaqHH pa3BHuTHA, O6- 
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pa3yloTCH B JMCTbAX Ha CBeTY, B TOM 4HCJe Ha HeEMpepbIBHOM CBeTY, IPH Mo 
HOM OTCYTCTBHH TeMHOTHI. Ho 93TH BelllecTBa B YCJIOBHAX HeOaronpHATHOr 
(boTOnepHoza BbIpaOaTbIBaIOTCA, MO0-BHAMMOMY, B HeOOJIbUIMX KONM4eCTBAa 
ABJAIOTCA JIAOMIbHbIMU, JIETKO pa3pyllaioTcA B 30HAX AKTHBHOFO pocTa M0 
6era*. B 9TOM acrieKTe BPA JM MOMKHO OMKUMATh, YTOOK! TAKOM CHJIbHEIM AKT 
BaTOp pocTa, Kak rHOOepesHH, MOF CTHMYJIMpOBaTb WBeTeHve KOPOTKOAHE 
HbIX PaCTeHHH pH HeMpepbIBHOM OCBeIeHHH. 

Temuble NepHOAbI CYTOK HrpaloT OOJIbULyIO pOb B IpOXOKMeHHH KOPOTK 
JHCBHBIMH paCTeHHAMH CBeTOBOH CTaMM pa3BUTHA, TaK KaK B TeMHOTE, II 
BUHMOMY, IpOWCXOAHT cTaOWIH3aluA cilelwMM4YeCKHX BeLeCTB, a B Haya 
TeMHOFO TepHoja, BOSMOXKHO MpofomKaeTcA UX CHHTe3. BO3MOXKHO Take, IT 
B yCJIOBHAX TEMHOTHI ObICTpee NpOXOAUT BTOpaA casa cBeTOBOM cTafMv — Ka 
YeCTBEHHbIe H3MCHeEHHA B KOHYce HapacTaHua moOera. B cBeTe 3THX JaHHbl} 
3aCJly#KUBaeT BHUMAHNA TipedviowkeHHaa M. X. Ualimaxanom (°) «cxema cor 
MepHOLv3Ma HeHTpPasbHbIX, KOPOTKOAHEBHEIX H JVJIMHHOJHEBHBIX BHOB» (CTP 
137). 

Hosple JaHHbie 00 yCOBHAX MpOXoO*KAeHHA CBeTOBOM cTaqMu pasBurus KO 
POTKOAHEBHBIMH PaCTCHHAMH MO3BOMAIOT YTBep2%KMaTb, YTO BMECTO Tpex ueTK 
OTIpaHHYeHHLIX Apyr OT Apyra rpymm pacTenul c ux TIpOTHBOTIO/O%KHEIMI 
TpeOOBAHHAMM K CBETY HM TeMHOTe ([VJIMHHOLHEBHEIC, KOPOTKOJHEBHBIC H Hel 
TPaJIbHbIe pacTeHHA), TeMepb OMpeWeAeTCA HEMpPePbIBHLIN PAX pacTenuit, 3a 
IBeTAIOMMX ObICTpee BCero MPM OMpeeeHHOM COOTHOLIeCHHH THA M HOU, Ht 
oOaarouluxX CBOMCTBOM IlepeXOAUTb K MVIOJOHOUIeCHHIO UH Mp pesKOM H3MeHe 
HMM 9TOrO cooTHOMeHHA. HenpepbiBHOcTh Takoro psa CTaHOBUTCA ocobeHH 
HarJIAQHOH Ha (OHE pa3IMYHOM TemMepaTypbl, MHHepaJibHOrO NHTaHHA, HHTeCH 
CHBHOCTH HM KayecTBa cBeTa (cCM., Halipumep, cBogHbIe TaOMHUBI T. A. Campirny: 
(°)). TakoH moqxo K MOHHMaHMIO TpeOoBaHHH pacTeHHi K CBeTY H TeMHOTE Hi 
CBeTOBOH CTaHMH pasBUTHA OOJIbIe COOTBETCTBYeT SBOJIIOWMOHHOMY NpHHILM 
H MOSTOMY MOSBOJIAeT rulyOxwKe NO3HATb BCe pasHoOOpasve MpHCNOCcOOuTeIbHBL 
peaKkUHH pacTeHH Ha STOH CTAHH, Jyyle NO3HaTb CYULHOCTb *oToNepHosH3Ma 
Bmecte c TeM, 9TH JaHHble, TaK Ke KaK H MHOTOUHCJICHHbIC HOBbIe (PaKTbl O! 
yCJIOBHAX MpOXOKACHHA PasHYHbIMH paCTeHHAMM CTaMH ApOBH3allHH, CBH 
JIETEILCTBYIOT O FPOMAHLIX MPHCMOCOOHTeIbHbIX BO3MOXKHOCTAX pacTeHHH 
ropa3qo Oojee WHpOKHX, 4eM 9TO pesnouarasiocb WO HeqaBHeroO BpeMeHH 


KyGaHcKHi CesIbCKOXO3AMCTBCHHbIM HHCTHTYT Tlocrynuao 
r. Kpacnozap 14 I 1961 


HWHMTHPOBAHHASA JIATEPATYPA 


1H. HW. BonogapcKuid, JAH, 117, Ne 3, 504 (1957), 72 A. A, Kopuuaos 
JAH, 64, N2.3, 401 (1949). 3A. A. KopHuaos, Ipoco, M, 1957. 4A. A. Kop 
Hu amoB, JAH, 130, Ne 1, 234 (1960). 5 H. UW. Bononapcekuh, JLAH, 100, Ne - 
797 (1955). © A. JI. Ky pcauos, B3anmocsa3b PH3HOOrHYeCKHX MpOveccoB B pacTeHuH 
M., 1960. 7 Hi Als K ogo Baw) Bal) Een MoOninale pray Vl. b aiiikKva ey wart etal 
Ne 1, 231 (1960). ®8&M. X. GWataaxau, KypH. o6m. Ouon., 17, Ne 2, 121 (1956) 
AG A. Camuru H, Tp. wHcT. dusnon. pact. um. K. A. Tumupssesa, 3, B.2, 13 
(1946). 


. 
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TOJbKO MPH onpefesyeHHOM XapakTepe OOmero OOMeHA BeLeCTB H YTO K<OPAHHAapHble» NUTATeNE 
HbI€ BENLECTBA TAKKe HIPawWT BaKHYIO POMb B Nepexose pacTeHHHl K reHepaTHBHOMY pa3BUTHKC 
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‘ JI. B. MOJIEXKAEB, H. A. TEMJIMVU, u H. H. EPMAKOBA 


|, BOCCTAHOBJIEHHE NOMABJIEHHOM PEHTTEHOBCKUM 

4 OBJIYYEHHEM PETEHEPALLMOHHOM CNHOCOBHOCTH 

Be KOHEUHOCTENM Y AKCOJIOTJIEK MPH MOMOLIM BEJIKOB, 

| HYKJIEMHOBbIX KHCJIOT H JIMNO®HJIMSHPOBAHHbIX TKAHEU 


(ITpedcmaeaexno axademuxom A. H. Baxyaeeoim 29 XI 1960) 


PerenepallHOHHYy!0 CIOCOOHOCTh KOHEYHOCTeli y akcoJoTeH, NosaBeHHy10 
€HTTCHOBCKUM OOJIYYeCHHeEM, MOXKHO IOJIHOCTbIO BOCCTA2HOBHTb, eCIH OOuy4eH- 
HbIX 2KMBOTHEIX OOpaOaTIBATh CB@:KHMH TOMOreHaTaMH MBIIIII, AKCOMOTAA WH 
TOMOreHaTaMM MBI, MWeyeHH, CEMeCHHUKOB H KOH Kpbichl (’, *). Buisbipas 
perenepanuio, 9Ta OOpaoorKa TakxKe MpesoTBpailaeT o€pasoBanne Tpouyeck ux 
‘A3B, KOTOPbIe BOSHHKAIOT B KOHTpOsle Ha KYJIbTAX OOJYYCHHbIX KOHe4HOCTEM. 
OCCTaHOBJIeHHe pereHepalMOHHOM CnocOoOHOCTH HOCHT HapacTaloulHit xapak- 
ep: Moce ammyTawuH u oOpaOoTKH pereHepallHaA KOHeuHOCTeH NpOHCXOLUT 
30—40%, a mocme NOBTOpHOH ammyTawuH uvepes 2—3 mec. — B 90—100% 
ayuaes. Kak ABJIeHHe BOCCTaHOBJICHHA pereHepalHOHHOH CmocoOHOCTH MOxKHO 
aCCMaTpHBaTb JaHHble (°, ®), uTO TOMOTpaHCaHTalwHa B OOyYeHHYIO KO- 
CYHOCTh AKCOJOTIA HEOOMYYCHHEIX JMOPHOHAMLHBIX TKaHel WIM KOK KUBOTA 
PHBOAMT K pereHepallHH KOHeYHOCTH. 

Salaun HacTOAMero HCCeLOBAaHHA COCTOAJIM B BbIACHeHHH Boripocos: 1) Bo3- 
‘MOXKHO JIM BOCCTAHOBUTh pereHepalMOHHy!0 ciocoOHOCTh KoHe¥HOCTeli y 06- 
| 1y4eHHEIX XKMBOTHBIX IPH MOMOILH CYCMeH3Hi, MpHrOTOBJIeHHBIX H3 HOdH- 
VIM3HpOBaHHBIX TKaHeli KPBICbI, AJepHbIX pakUMii NWeyeHH, a Take YHCTHIX 
'6enkoB, Je30KcupHOonyKsenHoBolt (HK) u puOonyKsennozoli (PHK) xucuor; 
2) Heub3A JM TpeofoneTb nyyeBy!lo Oose3sHb y akcomoTMeH NyTem oOpadorKH 
‘HX CBeXKHMM TOMOreHaTaMH KPOBETBOPHBIX OpraHOB: MeYeHH, CelleseHKM H 
-KOCTHOrO MOS3ra KPpOJIHKa. 
| Onpir Obl MocTaBeH Ha AKCOJIOTJIAX YepHOH H OeOH pac B Bo3spacTe 10 mec. 
“HW fmHHoh 12—15 cm. 

_ Axkconotmeli HapKOTH3HpoBaH B Boje c 9upom. OOmyyenne npon3sBoHH 
‘Ha peHTreHoBckom ammapate PYII-200 6e3 dunptTpa. Hanpsaxenue no npHOopy 
)Opui0 210 B, cuna ToKa 20 Ma, MomtHocTb Jo3bI 636 r/MuH, paccTosHHe OT aHTH- 
-kKaToya 25 cm, go3a 7000 r, Bpema o6ysenua 11 mun. OOnyuanu o6e 3aqHHe 

-KOHEYHOCTH lO OCHOBaHHA, a TeJIO KMBOTHOFO 3aKPbIBaJIH CBHHIOBOM MwlacTHH- 

“Koi TommuHon 4 mM. IIpu o6uem oOyueHuu fo3sa Onna 1000 r, MomHocTb 

jose 50 r/muu, pacctosHue 40 cm, Hanpsaxenne 200 B, cua ToKa 15 Ma, dbusTp: 
-Meib 0,5 mM. 

Uepes 16—18 aHel mocme mMecTHoro oul yueHHsA OMHOBpeMeHHO aMIyTHpo- 
BaIM 00€ 3aHHe KOHEYHOCTH B JMCTaJIbHOM 4“acTH romeHH. 15 KOHTPOJIbHbIX 
akcouloTeH JaibHeliiuumM oOpa6oTKaM He MosBepraJH, ocTaIbHbIe — no 10 
'B KaxKoi cepHu — Obi B3ATHI NOX onbit. Mim B NpaBy!0 3a0HIOIO KOHEYHOCTb 
OT OCHOBaHMA K AMIIyTaUMOHHOH paHeBOli MOBepXHOCTH MJIM B MbILLIMbI CIMHBI 
umpuuem BBoxHIH | Ma MCnbITyeMoro Mpelapata B BHYe CYCIeH3HH WIM pac- 
“TBOpa, MpHroTOBJeHHEIX Ha 0,65% cusHo/OrH4yecKOM pacTBope ANA XOMOAHO- 

KPOBHbIX, KpOMe OIIbITa C KHCJIbIM OeIKOM, re IpHMeHsAJICA Apyrow pacTBopu- 
AT7 
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-temb: KCl 1 r, NaCl 1 r, KeHPOs 5 r, H2O 1000 ma. T]pu o6mem oOnyuennu 
MpenapaT BBOLWIH B MBILLMIUbI CNMHBI yepes 2 HA Nocue OOMyYeHHA; B Kako 
cep onbita Oplvio Takxe to 10 akconoraen. 

CrexkHe TOMOreHaTHI TKAHeEM KPOJMKOB MpHrOTOBAAIM Tak. TKaHb NeyeHu 
H CeeSCHKM PacTUpasH BCTYMKe, pasBOMIH HW Cpasy Ke BBOAMIA B KOJIMUeCT- 
Be 1,0 ma. 1,0 ma pacTBopa coyep2Kau cbIporo BemjecTBa meyenH 0,1 r, cenesenkKu 
0,03 r uw KpacHoro KOCTHOrO MO3ra M3 STMU3OB MeYeBbIX H OepeHHbIX KOCTeH 
0,03 r. Ja mHopunnsanMn HaBeCKH TKaHeH KPBICbl NOMelaiH B NpOOUpKU: 
meyeup 2,5 r, cenesenka 1,0 r, MbmmnbI Gempa 2,5 r, KoxwKa Kpbicbl (BLIOpHTaA U 
MpOMbITaa cnupTom) 2,5 r, KpacHbit KocTHBIM Mosr KpomuKka 0,3 r. IlpooupKu 
3aMOpaxKMBaIH B CMeCH Cyxoro Jiba HM 96° cnupTa pu TemmepaType —78° 
W CYUIMIM 1Of, BAKYYMOM C OCTATOUHEIM JaBseHHem He Oosee 100 p pryTHoro 
cTom6a mepBble CyTKH IpH Temmepatype ot —78 no —10°, Bropbie cyTKM IIpH 
KOMHaTHOH Temnepatype. IIpoOupku c BbICyWIeHHOM TKaHbIO 3aNavBau nog 
BakyyMoM. HaBecky BbICYWIeCHHOTO MaTepHasia Nepey ynotTpeOeHl.em pacTu- 
pauiu B Topowiok, koTopbii passozHaH B 10,0 ma dusvosorMueckoro )acTBOpa. 

V3 meyeHH KpbICbI BbIACIAIH Apa KJIeTOK MO MOJM@UMLMpOBaHHOMy MeTOLYy 
[oso (7), PHK u JLHK no dbenombHomy merogy (?) u Oenok mo MeTony (?°). 
IipumeHa1H TakxKe KMCIbIi OeOK, IPHTOTOBJIeHHbIM H3 MOJIOKa M10 meToyly (*,"4). 
Besiku ObiWuIH CBOOOJHEI OT HYKJICMHOBBIX KHcJIoT (peakuua ume). PHK u THK 
ObIJIH CBOGOIHbI OT OenKa. 

Yka3aHHble penapaTb! BBOAHIM @xKeTHEBHO B TeyeHHe 7 JHeH IpH pasoBon 
nose yma agep 0,013 r, ana HK 0,002 r, nna PHK 0,003 r, qa Oenka nevenu 
0,11 r uw ama Kucnoro 6enka 0,01 r. Sapa kmeroK meyeHH MCHEITEIBAIM B JBYX 
cepuax: BI cepHaH TKaHH pacTupanu B romoreHHsaTope Ilotrepa B TeyeHHe 
15 MHH., O4NCTKAa ep Oblia HeLocTaTONHO — Ha Ma3KaX B Nowe 3peHHA BCTPe- © 
yaocb |—2 aqpa c ocTaTKaMH WHToMMa3sMbI; BO II cepHu pacTHpaHHe MpoBo- — 
MH B TeyeHve 25 MHH., OUMCTKA Oblia yulweH — Ha Ma3KaX BO MHOFHX MOJAX 
3PpeHHA BOBCe He ObWIO AJep C OCTATKAMH WHTOMMIA3MbI, MOceqHHe OblwIH eLH- 
HHGHBIMH (puc. | a). 

Vis cycnen3sHi iMOPHNM3HpOBaHHbIX TKaHeH, CBe%KHX TOMOreHaTOB H sAjep- 
HbIX (PpakUMH MpHTrOTOBJIAJIH Ma3KH, KOTOpble H3y4aJIM B CBexKeM COCTOAHHH 
H MOCJi€e COOTBETCTBYIONIUX (PUKCalWH B MeTHJIOBOM CHHpTe, *KuAKocTH Tenu 
Cc WOOaBsIeHHeM YKCYCHOH KHCJIOTHI HM OKpPallIHBaHHA TeMaTOKCHJIHH-303HHOM, 
TOJIYHJMHOBLIM CHHHM, HHIbOIaycyibdpatom, no Bpame Ha PHK u Mespreny 
Ha JIHK. Oxa3asocb, 4TO Mocue MHOPHIH3aLMH CHJIbHO H3MeHAIOTCA KsIeTOU- 
Hble CTpykTyppil. Sapa neyenu (puc. | 6) paspywiarotca, HO Bce xe JaloT xo- 
pollyio peakuwio Menbrena, WATOMMA3Ma TakxKe paspyuiaeTca, OOpa3syaA eyH- 
HYIO Maccy, larollyio xopoulyio peakuwio Bpamte. OnemenTE! cesmeseHKu 
(puc. 1 6), KocTHoro mosra (2) m mbm (0) Toe paspylaioTcs, HO HW OHH [ator 
OTYeTJIMBbIe peakiHH Bpawe u Menbrena. OunMeHHble Apa NeveHH cosepxKaT 
JWHK u He uMeroT LHTONNAa3MHE. 

TunuuHon perenepalivel MbI CUHTaIH Cuyuan pereHepaunu 5- win 4-nasbix 
KOHeuHOocTeh. ATunHaHok — cy4yall perenepallHH ypOMBbix 3- HM 2-nasbIXx 
KOHedHOCTeH. OTcyTCTBHeM pereHepaluu — cilyyaH OOpa3s0BaHHA KOHHYeCKHX 
BbIPOCTOB, OYrOPKOB HMM Tia{KOrO 3axKHBJICHHA PaHbl, YaCTO C KOXKHBIMH BBI- 
poctamu. 

B onbite C MecTHBIM OGjyueHHem Bcero OpIo 115 akconoTne c 230 amny- 
THPOBaHHbIMH KOHeyHOcTaAMH. M3 Hux yepes 75 AHeH ocTanocb 104 aKcomoTA 
c 208 koneuHoctamn. B onpite c o6uluM OOy4eHHem Bcero Obiio 40 aKconoTaelt. 

Pe3yJIbTaTbI ONbITOB C MeCTHBIM OOsy¥eHHeM, MepBoi HM MOBTOpHOl ammyTa- 
uel CBeJeHbI B TaOn. 1, B Hee He BOLI JAHHbIe ONbITA C JHOPUM3HpOBaHHOn 
TleuveHbIO, Tak KaK B TepBble 7 THe Mocwe OOpaOoTKM JaHHbIM MpenapaTom 
u3 10 akconornei 9 noru6n0 c ABJeHHAMM OCTporo WHppo3sa MeyeHu, HeKpo- 
3aMH OO/IaCTeli MHbEKUMH WH pe3KMM pa3—paxKeHHeM, rHMepemueli H OTEKOM 
BceH TOBepXHOCTH KoxwKH. Tlegenb Oblvia OYCHb YBeMUeHHOH, HaOyxie, cHa- 
Ppy2KH KpaCHOBaTO-rJIMHMCTOH, Ha pa3spese — xesTOH. KneTKH negenu Obi 
YBeJIHYCHLI B OOBEMe, OKPYTJbI, C MHOXKECTBOM TsIbIOOK H 3epeH, a TaKXKE JIH- 
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Puce. 4 


u JIMOPUIH3H pOBaHHbIMU TKaAHAMU 


Ta6auna 1 


* Bocetanossenue pereHepaluoHHon cnocoOHocTH KOHeuHOCTeli y akconoTmeH mMocwe 
PeHTTeHOBCKOrO o61y4eHusa WM BO3TeHCTBHA 6eKaMH, HYKJICHHOBbBIMH KHCJIOTAMY 


Konr- PHK Beno Besox hot Sie KoctTHplit PA Le HK 
pou KUCIBIH | NEGEHY | yom. | nuodh. |MO3r WHOd. cepua I|cepua II 
Perenepa- 
uwuaA fa a a a faa] faa) Q fea] fs0) a 
os og os os os os os os os os 
Bari % |8e| % jer) % [ee] % leol hla rl % ao | % ler) %ler| % i srl% 
ony OP ony OP, Oy ony OP On Sony OR 
5 m5 m5 ne Sis ma SR S5 na SO 
iS) ro so ao) ro joy 2) mo =>) 7 oO aS) 
{ Tlocme amnyTauuu u 0oO6paboTKH 
Bcero 30 20 18 20 20 20 20 20 20 20), 
‘Tannunaa | 3,3 6| 30] 4] 22,2) 4 }.20 Ouleonl eal ho) 2 RON Wesel Maly He at) 3 145 
AtTunuinan 8 110 —}—;-—}] -—!|-—!/—- hei ay] ai a) 1 5}—}—]—|— J—-j|— 
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Tlocne noBTOpHOH aMmMnyTauuu 
» | Bcero 30 17 18 20 { 20 20 20 20 18 20 
TunuuHaa 14 {46,7 9 153 43) | 72,2) 43 | 65 | 42° | 60) 43))) 65 7 351.9) 45] 6 | 33,38) 9 | 45 
“Atunuduaa 3 }10 ABs yp 46, (mol reol ms 451s eal 40 5 250 3.4 Ab 422.2) 30145 
OrcytcTBue 
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-HOKEK. 


TIOMIHBIX Kaleb B IMTOMMIA3Me, C MHKHOTHYCCKHMH ApaMH JIM Jake BOBCe 
‘es agep. B nawmx mpexuux onpitax (8) co cBexKMM ToMOreHaTOM TeyeHH H 
'B HaCTOAIMMX OMbITAX C ApyrMMH JMOPHMH3MpOBaHHbIMH MpelapaTamMu HMYerO 
flogoOHoro He BCTpeyayocb. Ilo-BH_HMOMY, B3ATaA B U3ObITKe CyCIeH3HA JIMO- 
‘uUNHSHpOBaHHOH Neveu, He OO/afad BbIPaxKeHHOH AHTHTeHHOCTbIO H, CJle- 
JOBaTeJIbHO, He BCTPeyaA JOCTATOUHOFO COMPOTHBJIeCHHA pellHMHeHTa, OpraHo- 
cnemudwueckH Nopawkama ero meuedb. Y OMHOFO eHHCTBEHHOFO BbNKHBIUerO 
‘AKCOMOTIA STOH CeEpHH OMbITa KOHEYHOCTH Moce MepBol aMNyTaluH He pere- 
HepHpoBav, MWocse MOBTOPHOH — aTHMMYHO pereHepHpoBasla OfHa H3 DBYX 


TlomyyeHuble JaHHble WOKa3bIBalOT, YTO B MepBOH 4aCTH OMbITa B KOHTpowe 
‘qocle aMNTyallMH KoHeuHOCTel UMeeT MecTO pereHepallua KOHeuHOCTel — TH- 
nmuynad B 3,3%, aTHnudHad — B 10% cayuaes. JIpyrumu croBamH, oOslyseHHe 
B Jose 7000 r, B NpoTHBOMOOx*KHOCTh HallHM MpexKHHM onbitam (’, *), mowemy-To 
-HENMOJIHOCTHIO NOsaBANIO pereHepalHOHHy!0 CMocoOHocTbh KOHeyHOCTeH. OjHa- 
‘KO, HECMOTPA Ha 9TO, pasMaHe B xofe pereHepallHi B KOHTPOJIe H HEKOTOPbIX 
-Ce€pHaAX OMbita Oblio WocTaTOuHO OTUeTIMBLIM. Tak, OTCYTCTBHe pereHepallHH 
OnIIO B KOHTpose B 86,7% cayuaeB, a BOnbITax c PHK — B 70%, c 6enkKom U 
_ MHOMHIMSHPOBaHHbIMH MBIIGamMH — B 80% cury4aes. 
“yacTH oMbita HaOsiOfasucb HeKOTOpble Ka¥eCTBeHHbIe OCOOeHHOCTH. 5-mavibie 
_THMMUHBIC KOHCYHOCTH B KOHTpOJIe HH B OJHOM CJlydae He pereHepHpoBaJH, aB 
ompirax c PHK perenepuposanu y 10 axcouorsmel B 6 culyuaax, C Ayjpamy Me- 
yeou — y 20 B 3 cmyyanx, c THK — y 10 B 2 cayuasax. IIpu stom y ogHoro 


Kpome 


Toro, B 93TOH 


jiepan. Tpocbwueckve aA3BbI BOSHUKaJIH TOJbKO B KOHTpOJle WH MpH OTCYTCTBHH 
pereHepallwu, Ha TiaqKo 3a%KMBINHX KYJIbTAX — B 2 cayuanx, 


| 

| MUBOTHOTO BCerqa PereHepHPOBaJla TOJIbKO OHA KOHCYHOCTh — MpaBanvA HJM 
| 

| 


Bo BTopoH uacTH onbita, T. e€. NocJie MOBTOPHOM aMilyTalHM KOHedHOCTEeH, 
B KOHTpoule, 6€3 KEKHX-HOO JONOJHUTeJIbHEIX OOPaOOTOK, NpOWCXO HO CNOH- 
TaHHOe€ BOCCTAaHOBJIeHHe pereHepallHOHHOH cmocoOHocTH B 956,7% cayuaeB 
npoTus 13,3% cayyaeB pereHepalluH nocuie nepBoH amnmytauuu. BoccTaHos- 
yleHHe pereHepallHOHHOH CMOCOOHOCTH NMpoucxXoAMsIO BO BCeX CepHAX OMbITA, 
TIpH4€M B HEKOTOPBIX CepHAX 3aMeTHO JIyUllle, YEM B KOHTpOJIe: B OMbITaX C 
Genkom B 90%, c PHK — 8 76,5%, Cc JModHAM3MpoBaHHBIMM MbIWIMaMH H 
celeseHKol — B 75% culygaeB. CpaBHeHve JaHHbIX B M€pBOH MH BTOPOH 4wacTAX 
OMbITa MOKA3bIBaeT, UTO BOCCTAHOBJICHHE PpereHepalHOHHOH CMOCOOHOCTH HOCHT 
HapactalomiMi xapaxtep. Ilocie nepBol amiyTauwHH MH OOpaOoTKH XKUBOTHBIX, 
‘Hanpumep, PHK pereHepallua THMMUHbIX H ATHMMYHBIX KOHeYHOCTeH MpoOHc- 
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xonuT B 30%, a mocjle NOBTOpHOH ammyTauMu yepes 3 mec. B 76,0% cmyuaeB. 
Tlocne noBTopHol ammyTalMn 5-nasble KOHeYHOCTH pereHepHpoBaslH OUeHb 
yacToO: B KoHTpoule B 4 ¥3 30, B onbITax c PHK B 8 us 17, c KucabIM GeKoM — 
B 7 u3 20, c 1HO*uM3HpOBaHHbIMH MbIMLAaMH — B 6 u3 20, Cc HO*UNMSHpOBaH- 
HOH ceneseHKoli — B 4 u3 20, C MMO*HAHSMPOBaHHbIM KOCTHBIM MO3rOM — B 2 
v3 20, c aqpamu negenu B cepnu I — B 7 us 20, a B cepuu II — B38 us 18, ¢€ 
THK — 8 7 us 20 cnyuaes. Bo Bcex cepuax onbiTa HM KOHTpose ObWIH 4aCTHI 
clyuaH OJHOBpeMeHHOM pereHepalMH OOeHxX OOJIYYeHHBIX KOHeuHOCTeH. Tpo- 
(buuecKHe A3BbI BOSHHKAJIH Ha KYJIbTAX IPM TlaKOM 3a2%KMBJICHHH paH B OTIbI- 
Tax C JIMO*UMM3HPOBaHHbIM KOCTHBIM MO3IrOM B 3 Cly¥aaxX HW MO OLHOMY CJIyyato 
B ONbITaX Cc sDpamu negenv, HK u PHK. Ecuim koneunoctu perenepupyior, 


TO AS3BbI Ha HHUX He OOpasyroTca. Ilo-BuyqNMoMy, OCOpasoBaHHe A3B TIpeqOTBpa~ 


wlaroT Tpowecch! GuOcHHTesa OeIKOB HM HYKJIEONpOTeHAOB, Npoucxo_AMe pu 
perevepallHH MH BOCCTAHOBJICHHH pereHepalHOHHOH CHocoOHOCTH OONYYeHHbIX 
KOHeuHOCTEH. 

Jia BoccTaHOBJIeEHHA pereHepalMOHHOH cmocoOHOCTH OOsIyYeHHbIX KOHeY- 
HocTeli HaMOouee sdcdbeKTHBHBIMH OKa3aJIMCcb: Moce nepBol amnytanunH — PHK, 


3aTeM OeJIKH, Jaslee JHOHJIM3SHPOBaHHble MbILLIUbI; MOCe MOBTOPHOH aMMyTa- | 
HH — Oenku, 3aTem PHK, janee mHoduIM3HpOBaHHble MbILIMbI H CeJleseHKa. | 


JIHK, aaqpa kaeroK HM Mpoune npenapaTE! oKasamHch HesdPeKTHBHEI. Cieso- 
BaTeJibHO, PHK uw GeikH urpaloT pasHylO pOJlb Ha pa3HbIX CTaMHAX Mpowecca 
BOCCTAHOBJICHHA pereHepaWHOHHOH cCimocoOHocTH OOJIYYeHHBIX OpraHoB, T0- 
BUAHMOMY, Hrpad pasHy!O pOJlb B Tipoleccax OnocHHTesa CeNKOB HU HYKJIeOMpo- 
TeHJOB. 

B onsite c o6ujHM OOJly4YeHHeM BO BCeX CepHAX H B KOHTpoule y aKcouloTen 
pasBHBaslacb JlyyeBand Ooule3Hb — OHH XYJCJIM, MJIOXO eH, Y HUX pasBUBaslacb 
canpoulerHusl H OHH MorHOanH uepes 1—1*/2 mec. nocne o6yueHHA Cc ABUJIe- 
HHAMH YwlyOoKoro NepepoxKeHHA MeyeHH UH CeJIe3eCHKH, TO COOTBeTCTBYeT 


JiMTepaTypHbIM WaHHbIM (%, 4). PasmMuHA B COCTOAHMH KOHTPOJIbHbIX MH MOMOMBIT- 
HbIX YKHBOTHLIX He OblvIO yCTAHOBJeHO. 


VuctutytT Mopouiorniu 2*HBOTHEIX HM. A. H. Cepeprosa Tloctynuo 
Axkayemuu HayK CCCP 10 XI 1960 
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okxaxagn Akagemun nayx CCCP 
1961. Tom 138, Ne 2 


IBOJIONHOHHAH MOPS@OJIOrH A 


A. A. BOMTKEBHY 


PASBUTHE HW CTPYKTYPA CPEAWHHHOLO BO3SBbILIEHHA 
HEKPOrMNO®H3A Y AMOUBH 


(ITpedcmaenexno axademuxom H. H. Axnuukoeoim 15 XII 1960) ' 


B3avMOoTHoMeHHe MexKy ajleHo- H Heliporumopusom npelcrapsser ony 
‘M3 OCHOBHBIX TIpoOJeM COBpeMeHHOH sHJOKpuHONorun. Barkuelimne (bakTpl B 
98TOH OONacTH ToOy4eHb! Onarogap a CpaBHUTeJIbHbIM HCCJeOBaHHAM (byHKWHi 
TuNOpu3sa, B CBASH C ABJIEHHeEM HelipoceKpelluH y pasHooOpa3HbIX BHJOB T0- 
3BOHOUHBIX KHBOTHHIX (*, °). Muoro fan Ha6smoseHHua Hall H2MeHCHHAMH B 
‘Helipocekpeluu B pa3HOM BO3pacTe HM MIpM Ce3OHHBIX CABHTaX B (YHKILHM 9H- 
JOKpHHHBIX opraHos (°, ®, 13). B craHoBmeHHu Mopdbo-byHKIMOHaJIbHbIX OTHO- 
WenHH mMexjly reweTHueckH PasHbIMH YacTAMH THNodu3a TaBeHCTBYIOULee 


“sHaueHne NipHHaJIexKUT COCYAUCTLIM CBA3HM oco6oH CHCTeMbI NOpTaJIbHOrOo 


KposBooOpamenua (°, 3). 
TlogjaBisionjee OOsbIIHHCTBO 9KCIeCPHMeHTAJIBHLIX H OMMCATeJbHbIX MccuJe- 
OBaHHH HeHporvnousapHblx CBxA3eH MpoBeseHO Ha NpeMcTaBHTeAX JBYX 


‘kpaHHux KJIaCCOB MNOSBOHOUHbIX — MJICKOIIMTAIOULHX HU ppi6ax; OTHOCHTEJIBHO 


claO0 H3YYeHHbIMM OCTAIOTCA NTHIUbI, penTHIMH H ampvOun. Ocobpilt HHTepec 


‘MpedcTaBiaeT HMKHMH MpHAaTOK Mosra y amduOuH, MOCKOMbKY y 9THX N03BO- 


“HOUHBIX BICPBbie CKJIafbIBAIOTCA Te AHATOMHYeECKHE H Tonorpamuyeck He OTHO- 


IeHHA Me*KAY OCHOBHBIMH OTAeNaMH (AOAMH) THNOH3a, KOTOPbIe ABJIAIOTCA 
THIMUHBIMH [JIA OOJIbIIMHCTBA MOSBOHOUHLIX *KMBOTHEIX. Y amcuOui dusore- 
HeTHYeCKH BilepBbie H3 OOWeH HelipalbHOH WiacTHHKH udpepenwupyerca 
Bay\HAA OA THNOpH3a, BKMOUaIOULaAcaA B (CH3HO/OrMueCKyIO peryJAHIO 
ajlaliTallMH 2KMBOTHOTO K Ha3€MHOMY OOpa3sy 2%KH3HH. YuacToK Heporunodu3a, 
TonorpaduyeckH MpefilecTByIOWHH sayHei oe, MpeoOpasyetca B ocobyl0 
\CTpyKTypy, Ha3biBaemylo, MO aHaJIOrHH C TaKHM %Ke OOPasOBaHHeM Y BBbICLIMX 
MOSBOHOUHBIX, CPeAHHHbIM BOS3BbIIeHHeM — eminentia mediana (7, °, 1°), 
B COJMMHOM CpaBHHTeJIbHOM McCJIeqOBaHuM Ha 76 BHaX MOSBOHOUHBIX 2KHBOT- 
HBX [pun (°) noka3aq HanMune JByX He3aBHCHMbIX JIpyr OT Apyra HCTOUHHKOB 
KpoBocHaOwKeHHA 3afHeH OM HW CpeqMHHOrO BOSBbIWeHHA TuMOpuse, OT- 
MeETHB, 4TO BaCKYJAPH3alluA MocJeqHero BIepBbIe MPOMCXOLMT y am@uoui, 

B Tevenve pxfla eT Mbl COOpaiH MaTepHad, KaCalOlHicaA MpeonTMyecKuXx 
afep runoTaiamyca uM rHunodu3a y JIM4HHOK M MOJIOBOSPeJILIX SK3EMILIAPOB 
paja BHAOB OecxBocTHIX ampuOuH. B wacTosulem cooOmeHHH MpHMBOAATCA OMH- 
CaTeJIbHbIe H HEKOTOPble 9KCIeCPHMeHTAJIbHbIe JaHHble, XAPaKTepH3yloulve Hel- 
poOrHnodu3 B JMYHHOUHLI NepHo H Y B3POCJIbIX OCOOeH YeCHOUHHIB!, 3eseHoH 
M O3€pHOH JIAryuleK MH y 3eu1eHOH 2xKaOBI. 

Martepuauw Jia rucTomorvyeckol OOpaOoTKu PUKCHPOBaJICA HENOCpesACTBEHHO 
y eCTeCTBCHHbIX BOJOeCMOB, Te BbWIABJIMBaIMCb TOJOBAaCTHKM HW JIALYUIKH. 
OuKcalluA NpOusBOAHIAaCch B wKUAKOcTH Bysua, B 10% HeliTpaibHOM (bopMawInHe 
WIM B WeHKep-dopmoue. Pucronormueckue cpesbl B 6—7 p, CewaHHble B CarHT- 
TAJIbHOH MU ApyrHX MJIOCKOCTAX, OKPaUIMBaJIHCb aJibJleruy-PyKCHHOM, a3aHOM 
no Telmenraiuy, remaToKcHivHoM mo Tomopu ¢ dJIOKCHHOM, MO MeTO,HKe 
Xoumu — J[pi6ana; Wat BEIABIeHHA MomMCaxapHyoB mpuMeHsasach LIMK- 
peakuua. 
 B xkoporkom cooOujeHHH He TpelCTaBJIAeTCH BO3MOXKHBIM IIPHBeCTH BeCb 
MMeIOILMUCA B HalleM pacnopsxeHHH MaTepval. Mpl orpaHwunBaemca onmnca- 
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HMM TOJIbKO OCHOBHDIX JAHHBIX H WJIJIIOCTpallMAMH, IpeCTaBJICHHBIMH Ha pH, |. 
Jina sManHouHOoro MaTepHaia MHTepec MpescTaBal mepHox meTamopdosa, 
HACTYICHHIO KOTOPOFO ipewiecTByeT HHTEHCHBHAA LMdpepeHuMpoBKa, a 3aTeM 
M akTUBHAaA *byHKIMA THNousa U WMTOBUAHOM xXeesbI (7, °, §, 1). 

B mepvo THNMYHOFO JIMYMHOUHOrO COCTOAHUA, Kora y ToulOBaCTHKOB OBasIb- 
Hbie MOUKH 3a,HHX KOHCYHOCTeH elle He PaCUJICEHAIOTCA HA OCHOBHBIC OTJEJIbI 
(I craqua no JI. A. Basxepy (*)), Hetporunodus mpescTaBieH HelipaibHon 
TlWaCTHHKOH, CTPYKTYPHO OJHOPOAHOH Ha BCeEM CBOeM MIpOTs2xKeHHH. C BeHTpauJb- 
HOH CTOPOHbI 3Ta MWaCTHHKAa, OOpasytloillad HO BOPOHKH, KOHTaKTMpyeTca C 
KOMMAKTHbIM KOMIWICKCOM SIIHTeIHaJIbHbIX KJICTOK, B KOTOpPOM cJiaOo HaMe- 
TUNOCb NospasqemeHHe Ha TPH uacTH — TyOepabHy!O, JMCTasIbHy!O HU MpoMe- 
YKYTOUHY!IO — COOTBETCTBEHHO OAM Oyfyujero ayeHorunodu3sa. OrTcyTcTBHe 
muddepeHuMpOBKH B pesemwax Helporunopusa B 3TO BpeMA OTparkKaeT B 
IIPHMHTHBHOH opme cocToAHHe STOrO OpraHa Y THIIMYHO BOJHbIX 2HBOT- 
HBIX. 

C nacrynuenuem II craquyu noABAAIOTCA NpH3HaKH HOBO opraHusanH. B Ka- 
yasIbHOH UacTH HelipadbHOM MaCTHHKH, B CBA3H C MpopacTaHHem B Hee MepBbIXx 
BOJIOKOH, MOABJIACTCA M@JIKAA TIbWICBHZHAA 3ePHHCTOCTb, OKpaliMBaromlasnca 
aJibervg-yKCHHOM H O4eHb Ca60 B CepoBaTO-romyOoH WBeT TeMaTOKCHJIHHOM 


Tomopu. Stot yuacTok nepBpm jaet WIMK-peakunio. XapaktepHo, 4TO TOKO 
Te KMe€TKH AafeHOrHnodpu3sa, KOTOPble KOHTAKTHPyiOT C BeHTpaJIbHOH MOBepx- 
HOCTbIO STOO YYaCTKA, TakKe JaloT NOMOKUTeEIbHYIO PeaKUHIO Ha NOJIHCaXa- 


pgp. Takum oOpa30M, NpH3HaKH (PyYHKUMOHAJIbHOH AKTHBHOCTH MepBbIMH OO- 
HapyXUBaIoT OOOCOOMAIOMAACA 3a1HAA TOMA HU pacnomoKeHHad NOX Hel po- 
MexXKYyTOUHAaN JOA runopu3sa. B Teyvenue NposoOMKHTebHOK 0 BpemeuH II cra- 
MM TipH3HakH *uIOreHeTHYeCKH HOBOH OpraHusalluH Tunopusa ycuJMBaIOTCA. 
HelipasbHaa, TouHee HeHpoOrivasbHas, MwIaCTHHKa 3Ha4HTeIbHO yTOuMaerca, 
COXpaHAA KOHTAKT C OTHOCHTebHO cia6o AuddpepeHHHpoBaHHbIMH TAKAaMH 
QMMTeIHaIbHbIX KJI€CTOK JMCTaJIbHOH H TyOepalbHOH ome runodusa. 

C nepexozom B III crayui, HemocpeicTBeHHO TpesWecTBYyIONLyI0 3aTeM 
Hauvaly MeTaMopdo3a, TOsIOBACTHKH JOCTHraioT MAKCHMAJIbHBIX JIA KarKOroO 
Bua am@HOuu pasmepos. MuTeHcHBHbIM pocT opraHH3Ma MpesuecTByeT npes- 
CTOAMeH pes0pONHH THYMHOUHBIX OpraHos (?). B rumodu3e Oosee OTUETIHBEIMH 
CTAHOBATCA NoypasfeuenHe Ha OCHOBHBIe OTAeMbI HU WHTOMOrMYecKaA AWudpdepen- 
WHpOBKa B Tipesesax KaxwkJOW Jou, ocoOeHHO 3ayHeH WH MpomMexyTOUHOH. 3a 
OTHOCHTEJILHO KOPOTKHH CpOK pe3KO MpoyBHraeTcA Bilepey, pasBHTHe OCTaJIb- 
HOTO OTJela HelipaIbHOH MaCTHHKH, B KOTOPOH B 3TO BpeMs elle He HaMeTH- 
JiOCb MOpdouiorHM4ecKoe pa3zyeseHHe Ha cTeOelb H CpeMHHHOe BOSBbILIeHHe 
(puc. la). OtoT yuacToK HelipambHOH MaCTHHKH, HMesd OOJbINyIO MpoTsA*KeH- 
HOCTb, LyrooOpa3HO OXBaTHIBaeT KJICTOUHLIM MaTepHadl HcCTaIbHOK (mepezHel) 
JOM, TeCHO KOHTAKTHpys C HUM. YCHJIeCHHe BaCKYJIAPH3allHH 3fecb CoueTaeTCA 
C ABJICHHAMM TunepeMHH. Bokpyr TOHKOCTeHHbIX CHHYCOHJOB KOHUeHTpHp yIoTcA 
XOPOWIO OKPalIHBaIOlHecA adbferHy-PpyKCHHOM MeJIKHe rvIbIOKH HM rpaHyJibl 
Helipocekpeta (puc. la, 6); oH we JatoT xopowyro IMK-nonomutempuyt1o 
peakuHio. 

CneqoBaTesbHO, JIA Hadasla MeTaMopdo3a XapaKTepHOH ABMAeTCA TecHaA 
(PYHKIMOHAIbHAA CBA3b M@KLY MpPOKCHMAaJIbHOH U4aCcTbIO Helporunodusa u 
ajeHorunopu3om. TlocueqHuH mpofouKaeT pacTH B Mpouecce mMeTamopdo3a. 
K KOHLY NepHoya npeBpalleHva MpOKCHMaJIbHbI OTIeN He porunopusa yTOuJI- 
WaeTCH, COCKMHAACh KOPOTKUM TOHKHM cTeOleM Cc 3aqHel Boneh. C sige gaat 
odocoOieHHe jose Heliporunodu3sa mporpeccupyer. 

Mukpockonmueckoe cTpoeHve MpOKCHMasbHOrO oTpeNa HeliporMnopi3a — 


Cp€AHHHOrO BOSBbIIMeCHHH — Y B3pOCJIbIxX oco6el TakoBo. Y PdaSHbix BHOB 


STOT OTJeJl HMeeT HEOAHHAKOBYIO KOH*UrypallHio, CHIbHO paspacTasicbh B OO- 
JiacTH KOHTAKTa C ajleHorunmodu3om (puc. | é—oc). OneH_uMa, NMOKpbiBalo- 
Wad CpeHHHOe BOSBbIIMeHHe, O6pa30BaHa BbICOKHMH, CHJIbHO BbITAHYTbIMH 
KJl€TKAMH, UMeIOULEMH JBypAHOe pacioOwKeHHe HU MeKALLHMH; JOBOJIbHO 
PbIXJIO (puc. 1 uv). AnnkaJibHble CMVIONeHHbI€e KOHI[bI MOBEPXHOCTHBIX 9TeH- 
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Puc. 4. MuxpocrpyktTypa cpeqHHHOTO BOSBbIMeEHHA M Apyrux yacTelifrunohusa. @ —caruTTasbHbli zpa3- 
pes runobusa WH4unHKH uecHOuHHD! III craqun, 240 X (WWMK); 6— rpanysbt HelipoceKkpeTa B Cbpeq—HHHOM 
BOSBBIIMeHHH H B 3aqHeli Zoe runodusa I1]6 cragun, 480 X (ambqerug-byKcHH); _@—runopus B3spo- 
cok senenoh saarymKu, 72 x (ampqerugz-byKcuH); 2@—runobus senenol maObl, 72 X (reMaTOKCHJIHH 
Tomopu c @aoKcuHoM); 0—cpequHnHoe BOSBbIMeHHeE Heliporunopusa seeHOu IArymuKH, 240 X (reMaTOKCHJIHH 
Tomopu c @moKcHHOM); e — CpeQHHHOe BOSBbIMeHHE YeCHOUHHILHI, 240 x (asaH no Tetigqenratiny); 9c —Ta 
Ke OOsacTb (albyeruy-byKcuH); 3—yu4acTOK CpeAHHHOTO BOSBHINeHHA s3eNeHOH JAryUKH, 1200 x; 
u — KpaeBble 3MeHAUMHbIe KeTKH CpeqHHHOTO BosBbIMeHHA, 1800 X (a3aH m0 Tefizenratiny); x — 060- 
Co6eHHbIe 6a30HIbHbIe KMeTKH B Mpefsemax cpefquHHOrO BosBLIUeHHA, 480 x (IUHK). 1 — cpequHHoe Bos- 
BbIIMeHHe. 
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AUMHDIX KJ€TOK (OKa3bIBaIOIHeCH MOSTOMY YHHMOJAPHBIMH) OOpasy1oT 00- 
myo BHYTPeHHIOIO, CaO BEIPaxKeHHy!O NorpanMunyi mviacTuHKy. Bonee per- 
‘kue ae BTOPOrO pAJa ABIAIOTCA OTYUeTIMBO OH- H TpHnOAApHEIMH. OnnH 
‘HIM Ba Oonee KOPOTKHX OTPOCTKA OHH MOCbWNIaIoT K OOUe NorpanuuHow ma- 
pe, TOra KaK JVJIMHHbIM OTPOCTOK STHX KJIeETOK, KaK MH KJIeETOK OCHOBHOTFO 

aja, WeT B ruiyOb CpeHHHOTO BOSBBIINeHHA, OKAaHYHBaACh Ha SHOTeIHH 

HYCOHHBIX KalWJIAPOB WIM CIMBaACb C TOHYAMINMMM BOJOKHaMH lpeKosI- 
JiareHa B OKPyxXeHHH cocyfos. MaccHBHble BOOKHAa OTJebHbIX ITCH MMHBIX 
KJIETOK IIPOHH3bIBaIOT BCe CpeMHHOe BOSBBIIeHHe JO ero ocHOBaHHA. Mexyy 
TaKHMM COJIMJHbIMH, MOMMCaHO paCMOJOKeHHbIMH OTPOCTKaMH 93IIeHAMMHbIX 
KJI€TOK B TlepMeHAMKYJIAPHOM K HHM HalpaBseHHu NMpOXOAAT MHOFOUNCeHHbIe 
-HEMHOJIMHH3SHpOBaHHble HEPBHbIC BOJIOKHA. CyleOBaTeJIbHO, HePBHbIe BOJIOKHA 
NOKANUSYIOTCA MEKAy TelaMH SIMeCHAHMHBIX KJIeTOK WH YHKeeKAaULHM CO0eM 
KPOBeHOCHBIX Cocyyos. UacTb HepBHBIX BOJIOKOH, Kak yKa3blBaeT I[Jappep (2%), 
‘8aKaHUMBaeTCA Ha COCyax CpeAHHHOTO BOSBHILIEHHA. 

Ha rucTomormyeckux lpenapaTax\mpH pa3MuHbIX cmocoOax OKpackH, 
ocobeHHo a3aHom no Teiijenraiiny, yeTKo BLIABIAeTCA 30HAJIbHOCTh B pacmo- 
IOMKEHHH \OCHOBHEIX MHKPOCKONHMYeCCKHX CTpykKTyp (puc. le, oc). Tpumepxo 
O(HY TpeTb OXBATHIBAeCT 30HA SMCHAMMHBIX KJI€TOK C JVJIMHHbIMH OTpOcTKaMH. 
Syecb OTCYTCTBYIOT Apyrve KueTKH. Jlanee ufeT CHIbHO BaCKYJAPH30BaHHbIi 
CIOH, OT KOTOPOTO B CTOPOHY SNeCHAHMbI COCYAUCTHIe BETBH He HallpaBJIAIOTCA, 
a ULYT B MpOTHBONOJOKHOM HalpaBseHHH. [lopcocylucTHI CuIoM, NpescTaBsA10- 
WMH MOJOBHHY WH Be TpeTH CpeAHHHOTO BO3BbIMeHHA, HaHuOouee CoraT 
KuleTKaMu. B nepByto ouepeyb oOpailaioT Ha ceOa BHHMAHHe peskue, HanOosee 
KPYNAble JJIMHHOOTpOCTUATLIe KJIETKH, TO pasMepaM H THHKTOPHAaJIbHbIM CBO;- 
‘CTBaM NpeACTABJIAIOWIMe BUAOHSMCHEHHHIe SIMCHAMMHbIe KMeTKH. B OTHOCHTeJbHO 
GOoubileM dHCNe 37ecb NpefCTaBJeHbI THIMHYHbIE KOPOTKOOTpOCTYaTHIe MHTYH- 
WATE, MaJlO OTHUAIOULHeCA OT TEX, KOTOPbI€ HMEIOTCH B 3aqHeH Mose runodusa. 
‘Kpome HHX, Hapay C SHAOTeIHANbHLIMH HM COMpOBO*KAAawWUlLMMH HX peKHMU 
KJICTKAMH MOXKHO BHJeTb H eCHHHYHbIC BHAOM3MeCHCHHbIe ABeHTHUMaJIbHbIe 
“KW€TKH, HanOMunaloulMe *uOpoOacthi. 

IIpu okpacxke no Tomopu HM, ocoOeHHO, 10 XoimMu — JbiOaHy HepoceKpet 
B BHJe PpaHyJI pa3HOH BeJIMUHHLI, PIbIOOK, Kaleb, OOHApy2XUBAaeTCA B HAHOOUIb- 
WI€M KOJIMYeECTBe MO XOAY HEPBHBIX BOJIOKOH Mey TelaMH STeHMMHbIX KJICTOK 
“MH cocyfucTpim cuioem. Kanu pa3Holi BeJIHUHHbI H MaCCHBHBIe, CHJIbHO OKpalllH- 
Balollveca arperaTbl HelipocekpeTa pacnouaraloTca, BKJIMHHBasCb MexK Ly Tesla- 
‘MH 9SIeHMMHBIX KeTOK (puc. | oc). B nepHBacKyJIAPHbIX yuacTKax CocysH- 
CTOrO CJIOA KOHICHTPHPYIOTCA MbIVIEBHAHbI€ TpaHyJbl HeHpocekpeta. B 9ToH 
#Ke 30HE MOTYT BCTPeyaTbCA KPYMHble KallJIM 3aCTOABWUIeErOCA KOMONAa, OKpaliu- 
Baloulueca B Cjla6o-ronyOoH WBeT, YTO XapaKTepHO JIA CpeAMHHOTO BOSBBILLIe- 
HHA O3epHOH JIarywiku (puc. 13). Kak pa3 y 9Toro Bua KpyNHble Kalu u 
TbIOKH CHJIbHO OKpalIMBalolleroca HelipocekpeTa pacnolaraloTcaA B MOsCo- 
icyaucToH oOmacTH. Mx pa3mepbl HW KOJIM4eCTBO Me€HAIOTCA B CBA3H C C@3OHOM. 
Y [pyrux BuAOB B TMOMcCocyAMCTOM cJIoe HelipocekpeT TIpecTaBJIeH MeJIKHMH 
riblOKaMH WM 3epHaMH. Syecb 4YACTO OKASbIBAIOTCA OKPAalIeHHbIMH Nepudepu- 
yeckHe “WaCTH IWHTOMMA3SMaTH4YeCKHX OTPOCTKOB MHTYHUMTOB. Tpanysbl M ribl0- 
KH HeHpocekpeTa pa3HOH BeJIHYHHbI XOPOUIO BbIABJIAIOTCAH B M€%KKJICTOUHBIX 
mpoctpaHcTBax. B mpocBeTaxX MHOFOUHCJICHHBIX COCYJOB MbI He BUH MOLOOHO 
OKpallIMBaroulerocaA HEHPOCeKpeTOPHOTO MaTepHawla KaK B Mipesemax CpeqHHHOTO 
BOSBHIMeHHA, TAK WH B TepeqHeH ome runodusa. OxpacKka lo XMM — JIbI- 
OaHy XOpPOWIO BLIABIAeT B MepesHeH WOe HHTCHCHBHO OKpallMBaloliMeca rpa- 
HYJIMpOBaHHble B-Oazo0publ, WHTOMMAasMaTHYeCKHe HOMKKH KOTOPbIX CJIMBAalOTCA 
‘© DHAOTeIHeEM CHHYCOHJHBIX KallHsIApoB. Sylecb %Ke B NPOMeKyTKaX Mer«KLy 
KJIeTKaMM BCTpeyaioTca PIbIOKH HJIM CKOMJICHHA MeJIKMX pany HelpoceKpe- 
TOpHoro MaTepvana. Y OTMeNbHbIX 9K3EMIIAPOB MbI HaXOAWAM eMHMUHbIe 
KJeTKH ajeHorunodu3a, BKJIOUeCHHbIe B TKaHb CpeMHHOrO BOSBbILIeHHA 
(puc. 1 x). OTH KNeTKH BCera OKa3bIBaJMCb Oasodusamn, T. e, oOOalanu Ta- 
KMMU 2K€ THHKTOPHaJIbHBIMH CBOMCTBaMH, Kak UM HelipoceKpeT. OnM ObLIM Kpym- 
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Hee OJHOMMECHHBIX KJICETOK TepeqHe JOM. T. e. HMeIH Ooslee OarOnpHATHEI 
yCIOBHA A CBOeroO pasBUTHA. 

B 3ak104eHHe MbI IIpOBeJIM CpaBHeHHe HHTCHCHBHOCTH yBeIMYeHHA pa3me- 
pOB pa3HBbIX YacTeH rHMopu3sa y JIMYMHOK HW Y B3pOCJILIX JIAryueK (CaMIOB). 
IIpeqpaputesibHo Ha CarHTTaJIbHbIX THCTOJIOrMYeCKHX Cpesax MpoOu3BoOsHMach 
3apHCOBKa KOHTYPOB runov3a UW ero OTACIbHBIX YaCTeH. SaTeM MBI BLIMHCIAI 
TWOWatb pasHbIx JoueH runmodu3sa UW ycTaHaBJIMBaNH apudmMeTHuecKoe OTHO= 
WeHHe MNOWalH CpeMHHOrO BOSBLIMICHHA K MIOMWaLH nepeqHeh (qucTabHOH) 
TOJIH: 4 


Cranua UecHouHubl SeseHan 2a6a 
II 0,42 0,29 
Il 0,40 0,26 
IV OFa2) 0,23 
V 0,24 0,21 
CeromeTKa (23 OFZ 


B3pocuaxa oco6b* 0,099 0,094 


* Jia 3eeHOH H O3epHOH Jaryuex 0,101. 


ILudppbl NoKa3bIBaloT, YTO Ha CTAMAX, 3aBepPWIalONIHX JIHYHHOUHOe oe 
9TO OTHOMI€HHE TOCTeMeHHO YMeHbIMaeTCH B CBASH C TeM, UTO OTHOCHTEIbHO | 
paHo cpeHuHHOe BOSBBIMeHHe yxKe JOCTHraeT 3HAUMTeENbHOM BeMYMHbI 
B J\aJIbHeHINeM H3MeHseTCA Mawlo. Y B3pocbIxX ocobeH (B BeCeHHHH oem 
TO K€ OTHOUICHHe OKASbIBAeTCA OUCHS OAH3KMM JIA pasHbIx BusoB. Ananorma- 
HbIM OOpasOM MbI ONpeeHJIH, BO CKObKO pa3 YBEJIMYHACh MIOWAKb cpesa 
KaKOH NOM Y NOMOBOSpeNbIX MATYUeK (4YeCHOUHHIbI) 10 CpaBHeHHIO C ITO- © 
UlabO OJHOMMCHHOM OM y JM4MHOK repeq Hayaom meTamopdosa. Taxoe | 
OTHOMeHHEe COCTABHJIO: WIA NepeqHelt (AMcTambHOH) Foun 18,8, qua mpomexy- 
TouHon 13,1, qua 3aqHel (HeipambHOH) Jou 5,3 uw QA CpeqHHHOrO BOSBBILLIe- 
Hua 5,5. C Bo3spactomM HaHOoslee MporpeccupyroT pa3sMepbl AUCTaIbHOM H Mpo- 
MEX YTOUHOK WoeH aeHorunodusa, Tor4a Kak pocT Heliporunodu3a Obi mpH- | 
MepHO B TPH pa3a MeHee HHTeHCHBHBIM. PocT oOeHx yacTeH Helporunodpyusa | 
HMeeT OUCHD OJIM3KMe BemMuHHEI. M3 sToro HW NpHBeeHHIX BbILIe FHCTOJIOrH- 
yeCKHX JaHHbIX CJleyeT, 4TO CTPyKTYPHO-PyHKUMOHaATbHOe (cbopMupoBaHHe - 
o6eHx Jose HeHporvnodu3sa WpoTekaeT CHHXPOHHO, ONepexkaa B JIMYHHOUHBIM 
TlepHox AuddepeHunpoBKy afenorunodu3sa. PasBuTHe moceqHero ufeT nod 
BJIHAHHeEM paHee JupdepeHuNpyioulerocaA HeHporunogusa. 

Mbt BHAMM, YTO Ha TlepBOM 2Tane *uOoreHeTHY¥ecKOrO pacuIeHeHHA HeHpo- 
runodu3a BOSHHKJIH Ba OJH3KMX MO MMKPOCTpyKType oOpa3s0BaHHa, MpH-— 
HABIUIMX Ha CeOA POUb TpaHccspopMaTOPOB HeHpocekpeta H B STOH CBA3H OObELH- 
HeEHHbIX, H€3aBHCHMO Jpyr OT Apyra, CMeWHaIbHbIM KPOBAHbIM PYCJIOM C 2Ke- | 
JI@3HCTBIMH CTpyKTypamu. PeryMpyroujee BJIMAHMe THMnoOTaJiamuyeckoro Hel- 
pocekpeTa IO OTHOWIeCHHIO K NepesHeH oe OCyecTBJIAeTCA HaHOosee KOPOT- 
KHM IlyTeM Yepe3 TOT yuacTOK HeMporunousa, KOTOPbIM y2xKe B JIM4HHOUHBIM 
mepHo TecCHO KOHTaKTUpyeTcA C TAKAMM aleHorunou3a, 2 C BO3pacTOM Mpe- 
oOpasyeTca B COMIHOe CpeqHHHOe BOSsBbIeHHe. EciH fo HacTosilero 
. BPeMeHH ObWIO MPHHATO BbIDeIATh KayaJIbHYIO 4acTb HeHporunmodu3a B OT- 
JIeJIbHY!O lOO, TO He MeHee€ OCHOBAHHM MMeeTCH CelaTb TO Ke CaMOe H B 


OTHOWeHHH CpeAMHHOTO BOSBbIWIeHHA (eminentia mediana). 
BopowexcKHi MeHIUHHCKHI Tlocrynuno 
HHCTHTYT 15 X 1960 
UMTHPOBAHHAA JIATEPATYPA 


1 Jl.A. Basaxep, Tp. 1a6. Mocxoscx. 300napka, 4, 125 (1928). 2 A.A. BoutTKe | 
Buu, Tp. Uucr. oxen. mopcorenesa, 5, 243 (1936). 3A A. BoiitKeBH u, JAH, 135, 
Ne 1, 191 (1960). *A.A.BoiutTKesu 4, COopx. Bonpocti coppem. sHq0KpHHon., M., 1960, 
etp. 163. 5A. A. BottKesuy, TLAH, 137, Ne 3, 589 (1961). ° A. JI. Toneuos, 
Apx. aHaT., rucTon. H aMOpHo., 35, Ne 6, 114 (1958). RONG ol Piped. bee ee 
C.R. Soc., biol., 148, 15—16 (1954). @S/A. D’An gelo, Am. J. Anat., 69, 3, 407 (1941). 
aD). Gr ele n, Am... Anat.) 88,128 25 (1951) ee to) Mi ©) kal day ei ee ani), euler ere 
ro) tisiu, sMed. J.“Osaka,Univ.,.6,,2,, 009) (1955)sgn elo 2 Xx. euin En Ss apxseutl ar osmelnGE 
ivonen, K. Salimak i, Endocrinol., 61,1535) (1958), 2" ED Scharrer, Vem 
hand. anat. Gessellsch. Erginz., 100, 5, 30 (1954). %%L.D. Wilson, J. A. Wein- 
berg, H. A. Bern, J. Compar Neurol., 107, 2, 253 (1957). ; 
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Hoxaagn Akagemun nHayxr CCCP 
1961. Tom 138, Ne 2 


PH3SHOJIOTH A 


4 B. b. YUIAKOB 


-YCTOMYHBOCTb TOHH4UECKHX HW HETOHWYECKHX MbIDIEGHbIX 
BOJIOKOH K AEHCTBHIO PAA XHMHYECKKX APEHTOB 


i (ITpedcmasaexo axademuxom B. H. Yepruzoecxum & XII 1960) 


CymectpyeT B3raag (1%), cormacHo KOTOpOMy TOHHYeCKan JleATeMbHOCT 
CKEJIETHBIX MBI ABIAeTCA CPPUIOreHETHYeCCKH Oovlee WpeBHEH, MO CpaBHeHHIO C 
‘ACATEIbHOCTbIO TETAHHYCCKHX MBILMCUHEIX BOJIOKOH. Hapany c sTuM Opio n0- 
‘Kasauo (* °), uTO B XOfe SBOMIOUHH peaFTHBHOCTL OemKOBOrO cyOcTpaTa MBI- 
MUeYHBIX BOJIOKOH MO OTHOLICHHIO K JeHcTBHIO OOJIbUIMX 03 pala XMMM4YeCKHX 
‘ATCHTOB YMeCHbINAeTCA, a CNOCOOHOCTL alanTHupOBaTLCA K TOKCHYeCKOMY BJIHA- 
‘HYIO BellecTB B MAJIBIX KOHIe€HTpallwAx BospacTaer. 

_ B cBa3v c STHM Ka3aJIOCb HHTeEPeCHLIM CpaBHHTb ajalTalMOHHy!o cmoco6- 
‘HOCTb HM peaKTMBHOCTh GOeKOBoro cy6cTpaTa TOHHYeCKHX H HeTOHHYeCKUX 
‘MBIIMCUHBIX BOJIOKOH JIATYLIKH K JeliCTBHIO H€KOTOPbIX XHMHYECKMX BEeIlLecTB. 
_ Bpwia ucnomb30BaHa MeTOANKa, paspaOotanHaa Bb. I]. Yutakoppim (*-§) 
M 3aKJOUaIOldACH B OMpeleyieHHH BPeMeHH HACTYMICHHA HeBOSOyHMOCTH 
MBI, B 34BHCMMOCTH OT KOHUeHTpaluu BemjectB. I]puH ocTaTouHO BBICOKUX 
Wo3ax 9Ta 3aBHCHMOCTb Ha sOrapHdMuyecKoM rpaduke BbIpaKaeTcaA MpsAMOM, 
_KOTOpad XapakTepH3yeT peakTHBHOCTh OeIKOBOM CTpyKTYPbI MbILMeEYHBIX BOJIOKOH 
“M10 OTHOMI€HHIO K TOKCHYeCKOMY JlelHCTBHIO BelllecTB. OTKJIOHEHHe SKCHepHMeH- 
“TaJIbHBIX TOUCK OT IpAMO (pe3Koe yBeJIHYeHHe BPeMeHH NepexKUBaHHA MBILLUT) 
_B OOACTH MaJIbIX KOHIECHTPallW paccMaTpMBaeTCA KaK MpPOABJICHHe alanTallHou- 
HOrO Mpotecca, MpOHCXosAllero B KeTKAX HM HalpaBJeHHOrO Ha Npeosomenue 
TOKCHYeCKOFO BJIHAHHA areHTOB. 

ONBITHI CTABUINCb B OKTAOpe Ha MbILUWAaX CAMOK TpaBAHOM JAryuwIKH. Menowp- 
30BaIMCb TOJIbKO CB@XKH€ MKMBOTHBIC, MpoOLiBuive B saOopaTOpHH He Oouee 
1—2 jqHeH. OkcnepHMeHTH! NPOWSBOAMICh Ha IIPAMOM MYCKyJle 2MBOTAa (TOHH- 
“yeCKaa MbIllIa) HW Ha NOPTHAXKHOM MbIlie (THNMYHAaA TeTaHMYeCKasn MBINAa)(*). 
'  OrfnpenapupoBaHHble MbILUMbI MOrpyKavcb B pacTBOp Toro HH HHOrO 
BeleCTBa, IPHTOTOBJCHHbI Ha PHHTepOBCKOM *HKOCTH. PaOota cBosuNach 
K ONPeeseHHiO BPCMeHH HACTYMICHHA NOMHOM HEBOSOYAMMOCTH MBIILLIL 9JIeKTpH- 
geCKHM TOKOM IPH CABUHYTHIX CNMpasiAX HHAYKUMOHHOHM KaTYUIKH, B MepBuy- 
HY1O Web KOTOPOM Oplia BKTOYeHA OaTapesd, MaBaBlliad HanpsxKeHHe 5, 6 B. 
Mpituubl MOLBepranvch IpAMOMY pa3paxKeHH10 Ip MOMOUIN CepeOpAHBIX du1eK- 
TpOMOB, paccTOAHHe Mexy KOTOPbIMH ObIo 5 MM. B ombirax c NopTHs>KHO! 
MBIMMMeH pasqpaxkeHve HaHOCHJIOCb Ha ee (PPOHTAJIbHYIO MOBEPXHOCTh, B OMbITaXx 
C pAMOK MbINMeH wHBOTa — Ha PPOHTAJIbHy!0 MOBEPXHOCTd IIpOKCHMAJIbHEIX’ 
‘C€fMCHTOB MBIIIIMbI, Te cofepxKuTCA HaHOONbIUIee KOJIHYeCTBO TOHHYECKHX BO- 
JOKOH (°, 1°). OnbiTb! MpoBOsHIHch mpH Temmepatype 16—18°. 

na momyueHuA Kako 9KCHepHMeHTAJIbHOH TOUKH MpOH3Bo,\u0ch 6— 10 
W3MepeHHH, KOTOpble cTaTHcTHYecKH oOOpaOaTHIBaHCb, HW NOMyYeHHbIe jaH- 
HbI€ HAHOCHJHCb Ha JorapHdmuyeckue rpaduKku. Bcero Obiio nocTaBleHo 
426 ombIToB. 

Ha puc. la mpescTaBjeHbl pesyibTaTbI ONbITOB C elCTBHeEM XsopucToro 
Kava. Bpema mepexuBaHHaA TOHHYeCKHX HW TeTaHHYeCKMX MBI JAryuwKku 
PH JeHCTBHH BbICOKHX KOHIICHTpallHH STOrO areHTa ABJIACTCA OJMHAKOBDIM. 
ax Kak SKCIMepUMeHTAIbHbIe TOUKH JleKAT Ha MPAMOH, TO MOXKHO 3aKJIOUHT, 
NTO OHH XapaKTepH3y!I0OT peaKTHBHOCTb OeJIKOB MbIIIICYHbIX BOJIOKOH. Culeqo- 
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6eKOBorO cyOcTpaTa TOHHYeCCKHX H TeTaHHYeCKHX BOJIOKOH. OTKJIOHeHHe 3K- 
Ce€pHMeHTaJIbHBIX TOU€K OT TPAMOH (NeBad “acTb rpaduKa), CBASbIBAeMOe C 
HaJIM4HeM aanTalwMOHHOrO Tpollecca B BOJIOKHAaX, B OMNbITaX Cc TeTaHHYeCKHMH 
MBIULAMH TposowxKaeTcA Jo Oonee BLICOKHX KOHIWCHTpallH, YeM B OMNbITax C 
TOHHYCCKHMH MBILILaMH. OTO CBUAeETeILCTBYeT O GosbIeli CMOCcOOHOCTH TeTa- 
HHYCCKHX BOJIOKOH JIATYWIKH aanTHpoBaTECaA K JeHCTBHIO XJIOPHCTOrO KaJHA. 
AnasorHuHble pesyibTaTbl OpwiH monyyenst B. II. Tpommuot B muorpadu- 
yecKoH metoguke (14). 

IIpuMeHenve aHHOH MeTOAHKM He OOHapy2xXMBaeT pa3HHIlbl BO BpeMeHH 
HACTYIJICHHA HEBOSOYAHMOCTH TOHHYeCKHX HM HeTOHHYeCCKHX MBI JAryWIKH 


O ONS pe 045060 090 12 ORNS 24 8 B 6 eZ 


(Be [Bi 


Puc. 1. JletictBue xmopuctoro Kaus (a) H xopHcToro Kabuus (6) 

Ha TOHHYeCKHe H TeTaHHYeCKHe MBIIIUbI JIATYUIKH. @ — JeHCTBHe 

XJIOpHcTOrO KaJIHA Ha TOHHYeCKHH HW TeTaHHYeCKHM My4KH 3anH- 

paTeJIbHOrO MycKyJia MOpcKOro rpeGelka. C — KOHIeHTpawHa, ¢f — 

BPeMA HaCTyMJIeHHA HeBOSOYAMMOCTH Mb. ToukH — TeraHHue- 
CKHe MBILIUbI, KPpeCTHKH — TOHH¥eCKHe MBILULUBI 


HW Ip feHcTBHH BbICOKHX KOHIUCHTpaluH XsopvcToro KaJibuuA (pyc. | 6). 
OHako B HeOOJIbUIOM CepHH OMLITOB Ha ApyromM OObeKTe — TOHHYECKOM H He- 
TOHHY€CKOM Hy4KaX 3allupaTeibHOrO MyCKysla OapeHeBomopcKoro rpeGeuika 
Chlamys islandicus (Miller) — pas3Huua Bo BpeMeHH rvOeH BXOAAILHX B 
cocTaB Ily4KOB BOJIOKOH NO OTHOIWeHHIO K BbICOKHM 038M XJIOPHCTOrO Kalua 
BbIPaKeHa OUCHb OTYETIHBO (puc. | 4@)*. Oro Maer OCHOBaHHA AyMaTb, 4TO B 
peakTHBHOCTH OesIKOB TOHHYCCKHX HM TeTAaHHYCCKHX MBIWICUHBIX BOJIOKOH JIA- 
rYWIKH M0 OTHOMICHHIO K JeHCTBHIO 3JIEKTPOJHTOB TAKKE CYIecTByeT pasHyUHe, 
HO OHO HeBeJIHKO H B Ja@HHOM MeTOAMKe He BbIABJIAeTCH. 

IIpeqnonomeHve O pa3sHOH peakKTHBHOCTH OeKOBOrO cyOcTpaTa TOHHYeCKHX 
HW TeTaHHYeCKHX BOJIOKOH JIATYWIKH MOTBepxKLaeTcCA Np CpaBHeHHH CpOKOB 
Me€p@xKMBaHHA MBI B BbICOKHX KOHICHTpallHAX CYJIeMbIl, KOTOpan lipHHase- 
2KUT K pyle THOMOBLIX AQOB (puc. 2). ToHHaecKHe MBILUUbI MeHee yCTOHUHBBI 
K fleHCTBHIO STOTO areHTa, 4eM TeTaHMyecKHe. PasM4une STO ABJIAeTCA CTAaTH- 
CTHUCCKH JOCTOBepHbIM. 

ConocTaBsieHHe BpCMeCHH Nep@KHBAHHA MBI JIATYWIKH Np elicTBHM 9TH- 
JOBOrO ciupTa (puc. 3a) wu xXuopanrugpata (puc. 36) noKa3bIBaeT, 4TO TOHH- 
yeCKHe BOJIOKHa MeHee YCTOHUMBbI K TOKCHYCCKOMY BJIMAHHIO STHX areHTOB. 
B onpirax M. B. Kupo (*) Tonwaeckue MBI! ATyUIKH ObicTpee norH6amH 
HW IIpM JeHcTBHH ypeTaHa, KOTOpbIN Take ABJIAeTCA HapKOTHKOM. OgHaKo 
M. B. Kupo ne na6mtofana MeHbIel yCTOMYMBOCTH TOHHYCCKHX MBILI, K eH- 
CTBHIO BbICOKHX KOHUeHTpalHH cnupTa H xmoparugpata. Pacxomwgenue pe- 
3YJIbTaTOB HallHX OMbITOB c ZaHHbIMH M. Bb. Kupo, BeposxTuo, oObacusetca 
TeM, YTO ONpeseseHHe CpOKOB NepexKHBaHHA €10 NPOWSBOAMMOCh Ha HanOonee 
YCTOMUMBDIX JMCTAJIbHbIX C€ETMeHTaX MpAMOM MbBIINILbI %KMBOTA, KOTOPbIe MOUTH 
He COfep2KaT TOHHUeCKHX BOJOKOH (*), Tora Kak MbI HCNOIb30BaIH HaHGouee 
OoraTHle TOHHYCCKHMH 3JIEMCHTaMH TMPOKCHMA@JIbHbI€ CefMCHTbI MBIMIbI. Tem 


* Ofa CepHA ONbITOB Oblla mocTaBeHa copmecTHO c C. M. Bopucosol, koropow aBrop Hc- 
KpeHHe MPH3HaTeIeH 3a IIOMOIILb. 
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; MeHee B ombiTtax M. 6. Kupo, Tak Ke Kak H B Hallivx OMbiTax, JIA TOHHYeCKUX 
= XapakTepHa Ooylee HH3KaH CHOCOOHOCT ajalITHPOBaTbCA K eHCTBHIO 
M@JILIX KOHI[CHTPallHii HAPKOTHKOB, eM JIA TeTaHHYeCCKMX MBILII. 

3 TloyaeHHbIe pe3sysbTaTbI MO3BOJIAIOT 3aKJIIOUHTb, YTO NO CpaBHeHHIO C 
Genxann TETAHHYCCKHX MBI OeKOBLIM CyOcTpaT TOHHYeCCKHX BOJIOKOH JIA- 


. 


* 
5 
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Puc. 2. JlefictBHe cylembl Ha ToHHuecKHe Puc. 3. Jleiicrsue sTHioBoro cnupTa (caeBa) H x/10- 
‘M TeTaHHueCKHe MDI JIATYUIKH. O6o- pavsruppata (cupaBa) Ha TOHHYeCKHe H TeTaHHueckHe 
SHaYeHHA Te Ke UTO Ha pHc. | MBIIIMbI JIATYUIKH.O603HaueHHA Te 2Ke,¥TO Ha pH. | 


PYIKU OONaqaeT OoNbUel peakTHBHOCTHIO K JeliCTBMIO BbICOKHX J}03 HapKOTHKOB 
HW HEKOTOPBIX THOJIOBHIX AOB. Pa3sHHIbI B peaKTHBHOCTH OesIKOBO CTPyKTYPpbI 
“TOHMYECKUX HW HETOHMYECKHX BOJIOKOH JIATYUIKH MO OTHOWIeHHIO K JlelCTBHIO 
KPeMKAX PaCTBOPOB SIEKTPOJHTOB B JaHHOM MeTOsUKe He OOHapyxKeHoO. Cro- 
COOHOCTh aflaNTHpOBaTbCA K TOKCHYeCKOMY BJIMAHMIO ciaGbix KOHMeHTpaunii 
‘HapKOTHKOB H S/I€KTPOJIMTOB JIyule BbIPaKeHAa Y TeTAHHMYECKHX MBILIeUHbIX 
BOJIOKOH. 

Huskwt yponeHb afantTalMu TOHHYeCKMX MbIINeUHbIX BOJOKOH JIArylIKH 
XOpOulo OOBACHAeT HX MOBbIIeHHYIO CKJIOHHOCTh pa3BHBaTb KOHTpakTypy B 
OTBeT Ha TIpHowKeHve paza arentos (2°, 14). 

Manas cnoco6HocTb ToHWYeCKHX BOJIOKOH JIATYUIKH afanTHpoBaTEcaA K 
RelCTBHIO HeEOOMbUIMX 03 pxAya XMMMUeCKHX BellecTB KOppeMpyer C UX HUSKOH 
‘aKKOMOJaWMOHHOH cmocoOHOCcTBIO K JlelicTBHIO MocTosHHOrO ToKa (}°), Ota 
‘KOppeAUMA NO3BOIAET MpeANONOKUTb, YTO B OCHOBE YKAa3aHHbIX MpOmeccoB 
Je*KUT COW MexaHusM. 

CxofcTBO peakIlMH TOHWYeCKHX BOJOKOH HM MBILLII, HA3KOOpraHH30BaHHbIXx 
*KMBOTHBIX Ha JeHCTBHE pala areHTOB, a TAK2%Ke peaKUMH TETAHHYECKHX BOJIOKOH 
H MBI BbICOKOpasBHTLIX OPraHH3MOB NOATBepxAAaeT MpelMoOMOmwKeHve O TOM, 
4TO TOHHYeCKaA JCATENbHOCTh CKEJIETHBIX MDI ABIAeTCH UMOreHeTHUeCKH 
Govlee ApeBHeM, M10 CpaBHeHHIO C JCATeJIbHOCTbIO TeTAHHYECKHX MbIINeUHbIX 
BOJIOKOH. 


JleHHHTpagckHi rocyyapcTBeHHbIli yHHBepcHTeT Tloctymui0 
um. A. A. )Kqanosa 30 XI .1960 
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PH3HOJIOTHA 


B. M. XAIOTHH 


COOTHOWIEHHE OCHOBHOLO H BA3ZOMOTOPHOrFO KOMIMOHEHTOB- 
CONPOTHBJIEHHS! COCYAOB HEKOTOPbIX OPFAHOB 


(ITpedcmaeaexo axademuxom B. H. Yeprueoecxum 20 XII 1960) 


IIpH fecumnaTH3auHH Cocyfbl paclIMpxIOTCA, H HX COMpOTHBAeHHe TOKY 
KpOBH MagaeT. CoxpaHatoululica mocsie 3TOrO TOHYC COCyOB, KOTOpBIM, 0 
ripeqioxKeHvHio MowKoBa ('), Ha3bIBaIOT «OCHOBHBIM COCYJMCTbIM TOHYCOM», 
YaCTHUHO OMNpeesIAeTCA ABTOMATHYCCKUMH COKpallleHHAMH raaqKUXx Mb (?,°). 
Tlocie nofwaBleHua cbapMaKOJIOrMyeCKHMU CpeCTBaMH MHOreHHOM AKTHBHOCTH 
rulaqKWX MbIWIL CONpPOTHBJIeHHe COCYAOB JOCTHraeT MHHHMA/IbHOH BeJIMUMHHI, 
OOYCJIOBIMBAIOlWeHCA TOJIbKO HX MOp@ouorMyecKoH CTpyKTypon. 

Takum oOpa30M, MOHOe COMpOTHBJeHHe COCYROB KpOBOTOKY ollpesesaeTca 
CTpyKTYPHbIM, MHOPeHHBIM MW HeliporeHHbIM cakTopamu. [lepBpie 2Ba co3sa1oT 
HEKOTOPylO YaCTb COMPOTHBJICEHHA, KOTOPaA, COOTBETCTBeEHHO TePpMHHYy, BBe- 
eHHoMy MonKoBpiM (1), MOxKeT ObITb HA3BaHA OCHOBHbIM KOMIIOHEHTOM COTIpO- 
THBeHHA cocyfoB. JlonowHUTebHaA YaCTb COMPOTHBCHHA, BOSHHKAaOUlaA 
OlaroqapA UMIyJIbCalMH Ba3OMOTOpHOTO WeHTpa, MepefsaBaeMol m0 cocyjo- 
CY2KHBaIOWUM BOJIOKHaM, MOXKeT ObITh Ha3BaHa Ba3OMOTOPHbIM KOMIIOH€EHTOM 
COMPOTHBJIeHHA. 

CormacHoO pALY JaHHbIX, BeJIMYHHbI OCHOBHOFO H Ba3OMOTOPHOrO KOMMOHeH- 
TOB CONPOTHBJeCHHA COCYAOB OTIEJIbHbIX OPraHOB HeOAMHAKOBbI. BoMbUuIaA YaCTb 
CONPOTHBJICHHA KOXKHBIX COCYOB AMCTaIbHOrO OTAeNa KOHEYHOCTH OOyCcsOBMIEHA 
Ba3OMOTOPHbIM KOMMOHeEHTOM (4, °), Tora KaK COMPOTHBeHHe MOUeUHIX CO- 
CyOB ONpefeAeTCH, TaBHbIM O6pa30M, OCHOBHbIM KOMIOHeHTOM (°, ”). 

Bowee TOUHOe KOJIHYeCTBEHHOe H3MePeHHEe OTHOCHTEJIbHOH BeIHUHHbI Ba3O- 
MOTOPHOrO HM OCHOBHOFO KOMIMOHEHTOB COMPOTHBJICHHA COCYAOB OTebHbIX 
OpraHOB BaxKHO, TpexKe Bcero, JIA BbIACHeEHHA (byHKIUHOHAJIbHbIX OTMMUH 
KaK CaMHX COCYJOB, TaK H HX HHHeEpBallMOHHOrO annapata. BmecTe c TeM H3- 
BeCTHO, 4TO pedeKTOpHOe pacliupeHue cocyoB ocTHraeTca 3a CueT YMCHb- 
WI€HHA BaSOMOTOPHOrO KOMMOHeHTA HX COMpOTHBeHHA. JIMUIb 3Hat BeEIMUMHY 
3TOrO KOMIOHEHTA, MOXHO flaTb KOJIHMYECTBEHHYIO XapaKTepHCTHKYy CTemleHH 
yuaCTHA COCYAOB OTACIbHBIX OpFaHOB B pedbIeKTOPHOH perysAlHH KpoBooO- 
palleHus. Kpome Toro, H3MepeHHe COOTHOMI€EHHA OCHOBHOrO H Ba3OMOTOpHOrO 
KOMIIOHEHTOB COMPOTHBJICHHA COCYOB HEOOXOAHMO [JIA MOHHMaHHA TeX H3Me- 
HeHHM B COCTOAHHH KpOBOOOpallleHuA, KOTOpPbie HaCTyMaIoT IpH BBeJeHHH B 
OpraHu3M JICKApCTBeHHbIX BeleCTB, OJIOKHPYIOWLHX MocTyN cocylocyKuUBalo- 
IHX MMINYJIbCOB K COCcyjaM. 

IIpuHHuUHMN H3MepeHHA KOMNOHEHTOB conpoTtuBae 
HHUA COC yMoB. Kak uspectuo (8), npu cra6unusalHv KpOBOTOKAa B opraHe 
(C NOMOMIbIO Nepdy3HoHHOrO Hacoca) MepdysvoHHoe AaBeHHe P B apTepHH 
OpraHa MOKHO, BbIPasHTb dopmMywioH P == QR. CoorseTcTBeHHO, MOMHOe CO- 


P 
NIpOTHBeHve cocyoB cocTaBaseT: R = ram Snecb R — rufpapnyeckoe co- 


mpoTHBeHve, Q— pacxof kKpoBH. CorjacHo CKa3aHHOMY BBIWe, BeHuHHa R 
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MOxKeT ObITh TIpefcTaBseHa B BHe CyMMbI €€ KOMIIOHEHTOB — OCHOBHOrO (Ro) 
P . 
wv Ba3somoTopHoro (R,): R= Ro + Ry = Oo: Ec Ba30MOTOpHbIM KOMMOHEHT 


CTaHOBHTCA PaBHbIM HYJIO, Nepdy3HoHHoe JaBjeHve (pH cTaOuMsHpoBaH- 
HOM IIPHTOKe KPOBH) YMeHbINaeTCA JO BeJIHYMHBI, OMpeesAeMON JIMIIb OCHOB- 
HbIM ‘KOMIOHEHTOM cCompoTHBeHHA: P, = R,Q. CoorBeTcTBeHHO, BeMuUHHA 

P 
OCHOBHOFO KOMMOHeHTa cocTaBJAeT Ro = ae 
TIOHEHTA PABHACTCA, CJIEOBATEJIbHO, PaSHOCTH MOMHOFO COMPOTHBJeEHHA MH ero 
OCHOBHOrO KOMMOHeHTA: 


. BesiwunHa Ba3OMOTOPHOrO KOM= 


OrHocsa BeJIHYHHY COMPOTHBJICHHA, COCTABJIH€MYIO Ba3SOMOTOPHbIM KOMIIO= 
HeHTOM, K MOJIHOH BeIHYHHE CONPOTHBJICHHA COCYOB, HaXOJHM: 


a Pipe eo. Peep 
5 CO, Na Vou ana ta (I) 


Takum oOpasom, corjacHo ypaBHeHnio (1), 4acTb COMpOTHBMeHHA, onpeze~ 
JIX€MYIO Ba3OMOTOPHbIM KOMMOHECHTOM, B TOJIHOH BeJIMYHHE COMpOTHBJeHHA 
COCyJOB OpraHa, MOKHO ONpeseHTb — TPH ycJIOBHH COXpaHeHHA MOCTOAHHOTO: 
IIpHTOKa KpOBH — Kak YaCTHOE OT JeJICEHHA BeEJIHYHHbI NakeHua nepdy3HOHHOrO 
WaBJICHHA pH yCTpaHeHHH Ba3SOMOTOPHOFO KOMIIOHEHTA Ha BeJIHYHHY HCXOHOTO 
Tlepy3HoOuHHoroO jaBeHHaA. 

MeTOAUKA ONBUTOB. ONBITH NpoBeweHbI Ha KOMIKaX, HapKOTH3H- 
POBaHHBIX BHYTPHBeHHbIM BBeeHHem ypetana (0,3 r/Kr) u xsopao3bi (0,05 r/xKr). 
Cra6viH3alua MpuToKa KpOBH K oOpraHaM JocTuraacb Mp MOMOMM Mepdy- 
3MoHHOrO Hacoca IIJH-3, B npHHWuMe cxXofHOrO Cc paHee OMHCaHHOH MOJeJIbIO 
TIH-2 (°). [pu6op I1H-3 umeer Tpx cuHxpoHHo paOortarollux OT OHOrO MOTOpa 
Hacoca (Cc He3aBHCHMOH peryJiHpoBKOH yapHoro o6bema), 4TO NOSBOAeT Mpo- 
U3BOAHTb OJHOBPeMeHHOe H3MepeHHe COMPOTHBJICHHA B COCyax TpeX OpraHos. 
Uactota myJbcauHH mepdy3HOHHOrO aBeHHA cocTaBsiasia 124 B MHHYTY. 
Bue Telia %KHBOTHOrO HaXOJHTCA OKOJIO 6 MJI KpOBH, B TOM uHcIe 1,5—2 ma 
B OOUEM JIA BCeEX TpeX HACOCOB pesepByape, COeCMHHEHHOM C Hapy2KHOH Mol- 
B30IUHOH apTepHelt. 113 storo pesepByapa HacOCbl HalpaBJIAJIH KPOBb B Ma- 
THCTpaJIbHble apTepHH 3afHeH KOHeYHOCTH H MouKH (I cepHA ONBITOB), TOHKOFO 
KHUIeCYHHKAa, MepesHeH KOHCYHOCTH HM KOXKH OpriowiHoH cTenKu (II cepua), ce- 
Jie3eCHKH, A3bIKa H meyeHH (III cepua). B coorpercTBHH C IIpHHIMNOM MeTOAHKH 
pesuctorpadun (*) MHHYTHBI OObeM KPOBH YyCTaHaBJIMBaJICA Tak, 4TO Nepdy- 
3HOHHOe JaBsIeHHe B APTePHH KaxKOro Opraha paBHAJIOCh CpeqHeMy apTepHaJib- 
HOMY J\aBJIeHHIO JaHHOrO %KHBOTHOrO. 

CraOuiH3alluaA IpuToKa KpoBH oGecneyHBalacbh XapaKTepHCTHKOH Hacoca 
(MocTOAHCTBO pacxoya B Mpeyemax +3% TpH H3MeHeHHH JaBeHuA oT 0 Jo 
300 mM pT. cT.) H ycTpaHeHHeM KOJJIaTepavIbHOrO KpOBOCHAaO*KeHHA OpraHos. 
TlocuieqHee JocTurasoch NepeBA3KOH COOTBETCTBYIOULUX CocyZoB. IIpeqBaputeb- 
HO ObIIO YCTAHOBJICHO, YTO Moce NepeBASKH KOJWMATepaJIbHbIX COCYLOB Npekpa- 
uleHHe MIPHTOKa KpOBH MO MarHCTpaJIbHOH apTepHH CHM KaeT MaBseHHe B ee 
nepHdepHuecKoM KOHLe JO npeHeOpexuMo MaJiol BesMUnHBI (S—10 mM pr. crT.). 

Tlepdy3voHHoe MU apTepHasbHoe JaBseHHe (B MieyeBOH apTepHH) perucTpH- 
pOBaslocb PTYTHbIMH MaHOMeTpaMH. Temlepatypa Tesla *XHBOTHOrO NosepxKu- 
BallaCb paBHOH 36—37°. CBepTHiBaHve KpOBH Mpelynpexkanoch 5% pacTBopom 
renapHua B Jose 0,1 ma/xr. 

YcTpaHeHHe Ba3OMOTOPHOrO KOMIIOHEHTA COMPOTHBJIEHHA CocyOB NyTeM 
ONepaTHBHOrO MepepbiBa TepHtbepHuecKHX HEPBHbIX IIPpOBOLHHKOB MO?KeT OKa- 
3aTbCA HeMOHbIM, 10 KpaliHelt Mepe Jia HeKOTOpbIX opraHos (!°). Bmecte c 
TeM, KaK lOKa3aJIH HallIM OMNBITHI, Mepepe3Ka CNHHHOFO Mo3ra Mok Mpososro- 
BaTbIM B pe3yJIbTAaTe OlepalHOHHOH TpaBMbl HM MOTepH KPOBH H3MeHAeT BeJIH- 
YHHY Ba3OMOTOPHOrO HW OCHOBHOFO KOMIIOHEHTOB COMPOTHBJICHHA COCYIOB. 
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B cBa3H C STHM MBI ipHOeriu K PapMaKOJIOrHYeCKOMY BBbIKJIOUeCHHIO Ba30- 
MOTOPHOFO KOMHOHeHTA. ITO OCYILECTBIAMOCb IPH MOMOMLM TeTpasTHaMMOHHA 
fionuga («Tetamon-M») — BemlecTBa, MpepbiBaromlero TMepeqady MMMyJIbCOB B 

os eee 
mL Mee 


Puc. 1. Cy2xkenve cocyJ0B 3ayHeli KOHC4HOCTH, BbISbIBAeMOe SJIEKTPHUeCCKHM pa3- 

paxkeHiem MOxACHHYHOFO CHMMaTHyecKoro cTBOJa Wo (1) Hu mocie (3—6) BHYyTpH- 

BeHHoro BBeseHHA 10 mr/kr TeTamoHa (2). CocynocyxuBalomlad peakuHa BOc- 

CTaHaBJIMBaeTCA He MOJIHOCTHIO uepes 25 MHH. (6) Moce BBe,eHHA TeTaMOoHa. 

CpBepxy BHH3: nepdy3HOHHOe JaBJleHHe B NpaBOl OeqpeHHOH apTepHu, apTepHaJb- 

HOe JlaBJIEHHe B COHHOH apTepHH, OTMETKH pa3ipaxeHult H BpemeHuH (30 cek.). 
O6a upeBHbie HepBa MepepesaHbl 


YaHIIHAX BereTaTHBHOH HepBHOM cHcTembI. TeTamoH BBowHsICH (cmycTa 45—_ 
60 muH. mocle ycTaHOBJIeHHA Nepdy3HH) B NO{KOKHY!IO BeHY TOeHH B 7o03e 
10 mr/kr. CormacHo aHHbIM HTepatypbl (4) u pesybTaTaM HallHX KOHTPOVJIb- 
HbIX OMbITOB (pc. 1), TeTaMOH B TakOlM Jose oOecneuHBaeT MOMHYyIO OOKay 
MepeqagH COCyOCYKMBAIOWHX HMMYJIbCOB Ha COCY/JIBI. 

Pe3yHbTaTH ONHTOB. Kak BUXHO H3 puc. 2, IPM BBeEeHHH TeTAa- 
MOHa lajleHHe nepdby3HoHHOrO JaBJIeHHA B COCyAax 3ayHeH KOHEYHOCTH HW NOUKH 
HeOJHHAKOBO, B MepBOM Csly4ae OHO MaqaeT Ha 70% OT MCXOAHOTO YpOBHA, BO 
BTOpomM — Ha 7,9%. CreqoBaTesbHO, YeJIbHOe 3HaYeHHe Ba3OMOTOPHOTO KOM- 
MOHEHTa B (POPMHPOBaHHH COMPOTHBJeCHHA COCYAOB STHX OpraHOB pa3JIHUHO. 
JlaHHble, IpuBeyzeHuble B TaO. 1, NO3BOAIOT PaCNPOCTpaHHTb STOT BbIBOA Ha 
Ccocybl BCeX HCCJI€OBaHHbIX OpraHoB. ; } 

: Ta6Oamuna 1 


CpeqHWe BeJIMUNHbI YMeHbINeCHUA COMPOTHBJeHUA COCyOB HU NawqeHHiA apTepvawbHoro 
WaBJeHHs (B MpOWeHTax K HCXOJHOMY YPOBHIO) IPH BHYTPHBeHHOM BBeeHHH 
TeTpasTHNaMMOHUA HoAuAa (10 mr/xKr) 


Cocyyuctaa o6macTb | M m n CocyyuctaaA oONacTb M | m n 
SayHAS KOHCUHOCTb 61,0 +2,9 17 Mlouxa 29,9 3,5 9 
flepeqHaa KOHeEUHOCTS | 51.8 3,3 9 AsbIK ‘ 25,7 3,3 16 
ToHKul KumeuHuK 48,9 3,5 44 Tleuenb (a. hepatica) 22,4 =£5,2 8 
Koka 6piouiInol cTeHKH | 34,4 +38,5 8 AptTepHasbHoe JaBue- 

Cenezenka 32,4 +4,2 8 Hue —67,9 2,0. 38 


IIpupexenupie B TaOn. | aHHbIe aloT KOJIMMeCTBeEHHY!IO XapakTepHcTUKy 
pesepBa, CONPOTHBJIEHHA COCYOB, KOTOPbIit co3faeTcA «TOHHYeCKOH» UMITyJIbCa- 
uel CocyOJBuraTeJIbHOrO WeHTpa B BHJ€ Ba3OMOTOPHOrO KOMMOHeHTA corpo- 
THBJICHHA ‘HM MOKET ObITb HCHOJIb3OBaH IPH pedJIeKTOPHOM TOPMO*KeHUH cocy-— 
yuctToro «Tonyca». MaKkcumMasbHO BeMUMHOH HeliporeHHOro pesepBa, MocTH- 
rajomuet 50—60% nowHOH BeEMMUHHI COMPOTHBIICHHA, OOsaaloT COCYAbI KOHeU- 
HocTeH. YUMTEIBad, YTO OKOIO 70% Beca 3ayHeH KOHCUHOCTH KOMIKH COcTaBJIAeT — 
MbUMeuHaA TKaHb (1), pesepB COMPOTHBJIEHHA COCYJOB KOHeYHOCTel C H3BeCTHOM 
BEPOATHOCTbIO MOXKHO OTHECTH K COCYJaM CKCJICTHBIX MbILIIL. ' 
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. ITlpuO1usuTenbHO Tako xe pesepB COMPOTHBeEHHA COcpesoTOUeH B Cocyax 
-TOHKOrO KuHiweyHHKa. Mutepecuo, To cocyib meveHH WM MoueK, Mowyuaroune 
Ba3OMOTOPHY!IO HMHHEpBallHiO M3 TOTO Ke UCTOU- 
-HHKa, 4TO M COCYJbI TOHKOTO KHIMeuHHKa (4peB- 
HbI€ HepBbl), OONalaioT B JBa pasa MeHbILMM 
HeHPOreHHbIM Pe3epBOM COMPOTHBJeHHA. 
Brpouem, OCHOBbIBasACh, Ha TOM, YTO TipeKpa- 
WleHHe JOCTyMa HePBHEIX MMIMYJIbCOB kK CocylamM 
TOUKH B YCJIOBHAX XPOHMYeCKOTO 93KcepuMeH- 
Ta He H3MeHHeT KpOBOCHAOKeHUA 3TOTO Op- 
raHa, HeKoTopbie aBToppl (°, 7) momaraioT, uTo 
—Cocyfbl NoueK BooOle He HMEeIOT . BasOMOTOp- 
| HOrO KOMMOHEHTA COMPOTHBJeCHHA. OTH aBTOpbI 
He YUHTBIBAIOT, OJHAKO, CMOCOOHOCTH MOveUHBIX 
cocyoB K «caMoperyJIALHH» KpoBoToka (?°, 1), 
_B CHuIY "ero OTCYTCTBHe ero H3MeHEHHA HE a- 
€T OCHOBaHHM JIA MpHBeJeHHOTO CyKeHHA. 
Heoqunakopad: BesIM4HHa Ba30MOTOpHOrO 
KOMIIOHCHTA COMPOTHBJIeHHA COcyoB oTJesb- 
HbIX OPpfaHOB MOKeT OMNpeseATECA MelicTBHeM 
HeHTPpaJIbHbIX HW MepHdepwueckux cpakTopos. Ba- 
3OMOTOPHBIT WeEHTP MOXKET HallpaBJIATb K cocyam 
pa3Hyto Mo uacToTe ummybcaunio. IIpu paBuoli 
ee uacTOTe HHHEPBallMA CocyOB KaxkKloro opra- 
Ha MOKET OCYLICCTBIIATBCA HEOLMHAKOBLIM KO- 
JIMUCCTBOM COCYOCYKHBAIOMLMX BOTMOKOH. He 
HCKJIOUCHEI pasJIMYHA UB YYBCTBHTeEJIBHOCTH K 
MeqHaTopy, ciocoOHocTH K ero pa3pyileHHtio 
WIM B APXHTCKTOHHKe TaK H23bIBAeMbIX Pe3HC- 
THBHBIX COCyOB (apTepHou). 
Bmecte c TeM, Mo nmpegznonoxenuto DosKo- 


Puce. 2. Conoctapmenue cTenenfi 
TlameHua mepdy3Houuoro = jjaBuJie- 
HHA B COCyax 3aqHeH KOHeYHOCTH 
H MOUKH Ip BHYTPHBeHHOM BBe- 


Ba (°), Ooubuad HIM MeHbIWaA BeIMUuHA OC- 
HOBHOTFO KOMIOHEHTA CONPOTHBJIeHHA Onpeyesa- 
€TCA HeOJMHAKOBOH CNOCOOHOCTbIO rayKHx 
MBI, COCYOB OTJEIbHBIX OpraHOB pearupoBaTb 


qeHuu 10 mr/Kr Teramoua. Cpep- 
Xy BHH3: Tepdy3HoHHoe JaBsenve 
B cocyfax mpaBoH 3aqHeli KOHeU- 
HOCTH H MpaBOH MOUKH, WaBJleHHve 


B MJIeueBOH apTepHH, OTMETKH BBe- 
yie@HuA TeTaMOHa HH BpeMeHH 
(30 ceK.) 


-COKpallieHHeM B OTBET Ha pacTaruBaioliee Jeli- 
CTBHe apTepHabHoro JaBmenun. ABTop mpel- 
nowlaraeT, YTO uem Ooubule BbIPAaKeHa 3Ta CITO- 
COOHOCTh, TEM B MEHbIIeH CTeMeHH COCYAbI NOLYHHAIOTCA BaSOKOHCTPHKTOPHbIM 
BOJIOKHaM. 

Bompoc 0 dakTopax, o6ycJIOBIMBAaIONLAX pa3sJIMYHOe COOTHOMeHHE OCHOBHOFO 
HM Ba3OMOTOPHOFO KOMIOHEHTOB COMPOTHBJICHHA COCYIOB OTJeJIbHBIX OpraHoB, 
Wemecoo6pa3sHo oOcyuTb B JpyromM cooOmeHHH, COMOCTaBHB He TOJIbKO 3TH 
MoKka3aTeIM, HO CiOCOOHOCTh COCYAOB K COKpallleHuIo B OTBeET Ha BOSOyHKeHHe 
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b. M. JPABKHHA 


BJIAAHME BObI PASJIAMHOHM COJIEHOCTH HA BbIKHBAEMOCTb 
CMEPMbI, HKPbIl H JIMUHHOK OCETPA 


(Tpedcmaeaeno axademuxom E. H. Ilaeaoeckum 9 XI 1960) 


IIpu saperyaupopanun p. Kypbl w HamMeyaemom mepexpbituu p. Apakca 
BOCIIPOH3BOJCTBO OCETPOBbIX CTAHET BO3MOXKHBbIM TOJIbKO IYT€M HCKYCCTBEHHOFO 
pasBegenua. Ja nowyepxKaHna CTaja oceTpoBbix pbl6 Ha Kype noctpoeubl Tpu 
PHIOOBOZHEIX 3aBOfa C OOUIHM MIaHOM BBbIllycKa 3,5 MJIH. WITYK »**H3HeECHOCOOHOM 
MOJIONH. 

HopMayibHaad paOota 3THX 3aBOZOB B OONbIWON CTeMeHH 3aBHCHT OT KayecTBa 
BObI, TMocTynaiomeH BO BCe pbIOOBOAHbIe arperarhi. 

B nocseqHve roybl B HH30BbAX Kypbt HaOmoqaeTcA yBelHueHHe OOWeH MH- 
HepaJIM3aHH OT rHpO-KapOounaTo-KaJIbuHeBOrO THMa K XJIOPHIHO-CyJIbaTHo- 
HaTpHeBomMy H MarHuveBomy (*). IloBbueHHIO OOuleH MHHepamH3anHH Kyppl 
cnocoOcTByeT 3aperyJIHpoBaHne peKH H COpoc HppHralHOHHbIX BOL, HMeIOULAX 
OOJIbIIOM TJIOTHBIM OCTAaTOK. 

KonnuecTBo xsiopHfos B p. Kype 3a 1955—1957 rr. no cpaBHeHHIo Cc HX 
cojepxxaHvem B 1938—1939 rr. yBeH4HsOCb B OTIEbHbIe Ce30HbI B 4—5) pas. 

B cBa3H C H3MeHeHHeM MHHepasusaluH Kypbl BcTal Bompoc 00 H3y4ueHHu 
BJIMAHHA BOJbI pa3JIMYHOH COJIEHOCTH Ha BbI-KHBaeMOCTb CIepMbl, HKpbI H JIH- 
UHMHOK OCETPOBbIX pbIO. 

Hepect ocerTpoBbiX B eCTe€CTBCHHBIX YCJIOBHAX IpOMCXOANT B c1aOoMHHepa- 
JIM3OBaHHBIX TEKYYHX BOJaX, MJIOTHbIM OCTATOK KOTOPbIX KomeOsieTcA B Mpese- 
ax oT 0,2 70 0,5 rv. B oTgeabuble cesoup 1955—1957 rr. cyxol octaTox p. Ky- 
pbl y ceBepo-BocTOUHOH OaHKH oxosua fo 0,7 r/a, 

Ocenbio 1958 r. w BecHolt 1959 r. Ha KypHHckoM 9KCHepHMeHTaIbHOM 3a- 
BOMe TIPOBOAWIHCb HCCJIEMOBAHHA MO H3y4eHHIO BIIMAHHA BOI pa3H4HOH CoO- 
JIGHOCTH Ha BbYKHBae€MOCTb CIepMbl, HKpbl WH JIMYHHOK oceTpa. Llemb10 MpoBo- 
AuMoH padoTel Ono: 1) onpeweneHHe MpeseoB COMeHOCTH, Ip KOTOPbIX BO3- 
MOXKHO OMIOAOTBOpeHHe UKpbl oceTpa; 2) onpesemeHHe BbLKHBAaHHA JIM4HHOK 
oceTpa JO mepexofla HX Ha aKTHBHOe MHTaHHe. 

UccneqoBasioch BIHAHHE BOLbI pa3sMUHOH COJeHOCTH HemocpeACTBeHHO Ha 
ciepMy, Ha HKpy, Ha Mpolecc OMJOLOTBOpeHHA H Ha BEIKJIOHYBIWHXCA JIM4HHOK. 

ONBITEL BeIHCb B IipecHol Boge H B Bose comeHocTbI |, 2, 4, 64 8°/,,. aa 
ONbITOB MCHOIb30BaIaCb KaCNHHcKaA BOJa, KOTOPY!O pa30aBJIAIH JO COOTBeT- 
CTBYIOlleH COsIeHOCTH TpecHOH KYypHHCKOH Bool. ComeHocTb MOpcKOH BOI 
onpeselaach 10 XJOpy apreHToMeTpHyeckuM cnoco6om (no Kuyzceny). Waa 
ONpeeleHHA COJICHOCTH MO MOKa3aTeIAM XJIOpa MOMb30BaIHCb OKeaHOJIOrH- 
YeCKUMH TaOIMWaMH JIA KacnHckoro Mops. 

JIMUMHKM, BEIKJIOHYBIIHeCA B IOTOUKaX (OCeMeHeHHe HM HHKYOallHA B OCOsO- 
HeEHHOH Bose), NepeBOAHACb B IMAJIMPOBaHHble Ta3bl C BOOM Tol 2xe COJICHOCTH, 
IipH KOTOpOM MpoxofLHO pa3sBHTHe MKpBI. 

HYHHKH, BbIKJIOHYBIUHeCA B anmapaTax Belica (oceMeHeHHe HKpbI B OCO- 
JIOHEHHOH Boe, pasBHTHe HKpbl — B MpecHOH), MepeBoAMIHCb B SKCHepHMeH- 
TaJibHbIe Ta3bl BHMPO c nporosHo npecHolt Bofow. UacTb JM4YHHOK H3 KOH- 
TPOJIA TMOCe BbIKJIeBa MOMelalacb B SMaJIMPOBaHHble Ta3bl B MpecHy!lO BOLY 
MH B OCOJIeHeEHHYy!IO Bosly conenocTh1 B 1; 2; 4; 6 u 8/9. 

BauaAnHue COMECHOCTH Ha CHepMAH. OnpiTel co cnepMuaMH 
CTABHJIMCb N10 MeTOJMKe, 3aMMCTBOBAaHHOM M3 paOoT B. C. Tanacniuyk u 
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M. K. Bouoxosa (°, *). Kano Bogbi HcnbITEIBaemoi CosleHOCTH HaHOcHM Ha 
—MpeAMeTHOe cTeKIO MH K He NpHOaBAaIH Kano cnepmbl. Moment ciMAHus 
BaceKaIH CeKyHoMepom. HaOmofeHua 3a npokOmKUTeMbHOCThIO AKTHBHOCTH 
eMepMbl BeJIMCb MO MHKpocKonom. Mecneqopanach nposouKUTebHOCTD M0- 
cTyMaTeIbHOrO HW KOJeOaTeIbHOrO JBYXKeHHA crepMaTosoujoB. C moudKamMH 
OAHOrO Camila B Boe KaxKJOH coeHOCTH MpoBoANAH oT 3 Zo 5 ompiros. 

_. PesyabtaTEl HaOOAeHHM mMpescTaBenbl B Tab. |. 

Taodauud 1 


CpeqHAA MPOLOWMKUTENbHOCTS ABMKEHUA ClepMaTO3sONOB oceTpa (B ceKyHaXx) 


OconoHeHHasct BORA 


Bpemsa xuecue- TIpecnas 
' yopaHnsa Tloka3atTeub Boma (Ky- 
PHHCKAR) | 4% | 2% | 4% | 6/00 | 8/00 
CentTa6pb IlpoqomkuTebHOCTb Noctyma- | | 
1958" 1. TeJIbHOTO ABHKeCHUA 215 185 445 0 — 0 
O6ujaa NMpoxomKUTeNbHOCTH JBH- 
7KeHHA 310 270 625 55 — 9 
Anpenab uw Mai | IlpoqomKutTenbHOcTb nocTyna- 
£959) Sin TeJIbHOrO TBHKeEHHA 295 220 357 157 40 — 
O6ulaa NMposomm*KUTebHOCTL ABH- 
*KeHH A 570 505 983 419 154 — 


B mpecuouw Boje u B Bose comeHocTh10 | u 2°/59 AKTHBAILMA CllepMaTO3OHOB 
HauHHallacb cpa3y MIpH CONpPHKOCHOBeHHH NocuieqHHX C BOON. 

TlocTynatenbHoe JBHXKeHHeE OXBaTbIBaJIO BCIO Maccy cmepmMves. HanGouee 
OlarOnpHATHOH cpeOH ANA WKH3HePeATeJILBHOCTH CHepMbI ABJAeTCA Boma C 
ComeHocTh10 2°/o,. Takaad Boa MOBbIMaeT MpOXOJUKHTeIbHOCTh JBYXKeHHA 
tnepMaToso“joB. Boya comenocthi0 6 x 8°/o) yrHeTaeT 2KH3HETEATeEbHOCTh CHep- 
MaTO30HJoB. BciepMe OTJebHbIX CaMILOB NOCTYNaTeJIbHOe JBHKEHHE CHepMaTo- 
30HJ0B B Bose C yKa3aHHOH COJIeEHOCTbIO BOOOIIe He HAO OMaOcb. 

BAUAHHeE COMECHOCTH HAUKPY H ONAOMOTBOPEeH HE. 
MuxyOauva MKpbl NpoOBOsNacb B 9KCIEpHMeHTaJIbHbIX JIOTOUKaX CajoBa u 
BOJOCTpyHHBIX annapaTax Belica. B moTKax ukpa HHKyONpyetca B NpHKwJeeH- 
HOM COCTOAHHH, B allmapatpl Belica 3arpyxkaeTca OTMbITaA HKpa. OcemeneHHe 
IIpOBOAHIOCh B Bose pasM4YHOH coweHocTH. WuKyOalua B JOTOUKaX Mpoxo- 
ua B TOM %e Boge. B annapatax Belica ukpa HHKyOUpOBaJlacb Ha ipecHol 
Boje (HO Mpollecc OCeMeHeHHA MpOxosU B BOE pasM4HOH CONeHOCTH). 

OKCHepHMeHTAJIbHBIH JOTOUeK pH NMOMOMWM peSHHOBOrO IWwiaHTa C 3a%KH- 
MaMH COeAHHAJICA C OLMHKOBAHHBIM OaKOM, B KOTOPOM HaxOfMlacb BOfa HYxXK- 
HOH CoseHocTH. 3a cyTKH npoxogzHso 150 a BogbI, HH 6,25 a/uac. Takas cKo- 
POCTb OKa3alacb JOCTaTOUHOH AVIA COOMOZCHHA HOPMAJIbHOrO KHCOpOsHOrO 
pekuma B JoTouKax. bak HW JIOTOUKH ycTaHaBJIMBaJIMCb Ha CIeWMaJIbHbIX CTOM- 
KaX, MpHueM cToKa, Ha KOTOPOM HaXOHHCb JIOTOUKH, MpumMepHO Ha 15 cM 
Obluia HMxKe CTOHKH c Oakamu. 

B kaxKJloM JIoTOuKe HHKYOupoBaocb m0 50 r uKpbl. Mpa mepeg ocemene- 
HHeM OTMBIBaslaCb OT MOOCTHOM XKHAKOCTH BOOM UCMbITyeMOH COJIeEHOCTH, 
3aTeM B UKpy oOaBsasacb chepMa, pa3OaBJIeHHaA BOJOH TOM xe COJIeEHOCTH. 
Vikpa BMecTe Co CMeCbIO CIepMbI C BOMOH pacipeseANach MO WHY JIOTOUKOB U 
OCTaBIANaCb TaM B CNOKOMHOM COCTOAHHH JO NpHKJIeHBaHHA WKPbl KO HY 
JIOTKOB. 3aTeM B JIOTOUeK C MPHKJIeHBUeHCA UKPOM C MOMOMIbIO LiviaHra Tofa- 
Bajlacb BOJa U3 Oaka. JIM4HHKM MO Mepe BbIKeBa TOKOM BOJbI CHOCHJIHCh B 
CHellMaJIbHble MpHeMHHKH. Kaxkblli JOTOK MMe CBOM MpMeMHHK. 

OcemeHeHve H HHKYyOallHA HKPbI NPOBOAMIMCh B NpecHol Bose H B Bose Co- 
meHocTp1o 1; 2; 4; 6 u 8°/oo. 

B jloTKax c mpecHow Bofol Hc Bosol coeHocTb1O | u 2°/o0 UKpa ObicTpo 
IIpHkJenBaslacb. B moTOuKax c BOO comeHocTb1O 4; 6 u 8°/o) NpHKeHBaHHe 
UKpbl He Mpowcxosuo. OnbiThl c BOOM comeHocTbIO 8°/o, Obl CHATHI, TAK 
KaK MKpa B Bose JaHHOH COJeHOCTH He OMJOAOTBOp AAC. 

Bcero 6pli0 mpoBefeHo 4 cepHu ombiToB Ha Ukpe oceTpa (1 uHkyOallHa 
ocenbio 1958 r. u 3 wAaKyGOamuN BecHoH 1959 r.). 


vf 
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Tlo goctuxKenuu ukpo 6 craqun pasBuTus (no Jleraad u Tuns6ypr (*))— 
cTaqHu TpeTbero JeeHHA, KOra OopossbI TpeTbero AeMeHHA pasfeAT aH 
MaJIbHy!10 OOacTb Ha 8 OwlacTOMep,— Lies MpOWeHT OMJOLOTBOPeHH: 
UKDpBI. 

TIpouenT onsoLoTBOpeHuA B KOHTPOMbHBIX JIOTOUKAX (ocemeHeHHe H HHK 
6alwa UKpbI B OObMHOM KypHHCKOl Boge) KoeOasica oT 90 Jo 99. B noTouKax 
rye OCeMeHeHHe HM HHKyOalMA HKpbI MpOXoLHAH B Bose comenocTh | u 2°/,,) 
Ha 6 cTaylMM pa3BHTHA %KHBBIX IMOpHOHOB Opiio 86—100°/,,. B smorouKa? 
c BOLO comeHocTHIO 4°/,, MpOWeHT OMoLoTBOpeHusA KoeOanca oT 18 Do 37 
B JOTOUKAX C OCOMOHEHHOK BOOM comeHocTHIO 6°/o,— oT 16 go 50. 

BHKJIOHYBIIHeCA JIMYHHKH MIPOCUHTHIBAJIHCh WH NepecaxKMBaJHCh B 39MAaJIH 
POBaHHble Ta3bl, Pe HaXOMHNaCh BOWa TOM we COMeHOCTH, Mp KOTOpOH po: 
Xouna HHKyOaluA UKpbI. IIpoueHT BbIKIeBa B KOHTPOJIbHBIX JIOTOUKAX KOJIe: 
Ganca oT 20 no 91. 

B moToukax c BOLO comeHocTbIO 1°/oo BEIKMOHYsOcb oT 14,3 fo 32,3%, 
B JIOTOUKaX C Bool comeHocTb1o 2°/oo— or 20 fo 84%; B AOTOUKaXx C BOOK 
coueHocTh10 4°/5, — oT 13 qo 30°/) AH4HHOK, 2B JIOTOUKAX C BORON COJIeEHOCTHIC 

6°/,) BbIKJIOHY0Cb TObKO OT 2,9 fo 9,7% JHUHHOK. 

Jlyummve pesybTATbI MO KONMYECTBY BbIKOHYBINXCA AMYMHOK B KORTPouIb- 
HbIX JIOTOUKAaX H B JOTOUKAX C BOMOH comeHocTbIO B 1; 2 u 4°/,, NONyYeHBI Ha 
wkpe oceHHero oceTpa B 1958 r. 

B annapatax Belica nHkKyOupoBaslach Ukpa Ha NpecHOH KYpHHCKOM Bose, 
HO OC€M€HEHHE HKPb! MPOXOAHNO B BOLE pasHIHOK ComeHocTH. Mkpy ocemenan 
B KYPHHCKOM Bogle u Boge comenocTsIo 1; 2 34; 6 u 8°/oo. B Kawai annapar 
nomemjaiw Ha 300 r UKpH. 

Hu B OMHOM Culyuae HaM He yaJlocb JOOMTECA pa3sBUTUA UKPbl, OCeMeHEHHOM 
B BOZe comeHocTh10 6 u 8°/,,. Uepes sac Mocle 3arpy3ku B anmapaT Belica sca 
uKpa COMBasacb B KOMKH, H pa3BHTHe €€ CTAHOBHMOCb He€BO3MO}KHEIM. 

IIpoueHT onMoOTBOPeHuA HKPbl B KOHTPOJIBHBIX alnapaTax KoueOasicA OT 
84,6 no 99; B annmapaTax, re HHKYOHpoOBaslacb HKpa, OCeMeHeHHAaA B Bose Co- 
seHocTb10 | u 2°/oo, omMOLOTBOpeHHOH ukpbI Opiio 97—99%; B anmapaTax, rye 
HaXOWMaCb HKpa, OCeMeHeEHHAA B Boe CosmeHOCTHIO 4°/59, KOMHYCCTBO OMJIO- 
JOTBOPeHHOH UKpbl KoMeOasocb oT 67,1 Ao 83,3%. 

Bo seex anmapatax Belica pa3BHTHe HKPbl MpOXxoAuso0 paBHOMepHO. 

BpIKJIeB JIMYHHOK Obl py KH. KosmaecTBo BbIKJIOHYBIIHXCA JIMYMHOK 
B KOHTPOJIbHBIX almapaTax KomeGasocb oT 50 no 70%. B annapatax, rye uE- 
KYOMpOBaJlacb UKpa, OCeMeHEHHAA B Bose comeHOcTHIO | H 2°/9, BbIKJIIOHYJIOCB 
oT 52 no 90% MH B anmapaTax, re HaxofuNacb HKpa, OCeMeHeHHaA B OCOJO- 
HeHHOM Bose ComeHOCTbIO B 4°/y), BEIKMIOHYTOCh OT 24 Jo 50% AHUHHOK. 

Bo BpeMA HHKYOaHH HKpbl HW B JOTOUKAX, M B almapatax Belica BeJIMCcb 
HaOJOJeHHA 3a TeMMepaTYpHbIM H KHCMOPOLHbIM pexkuMoM. Oceubio 1958 r. 
cpemHecyTouHad TemMepaTypa BOLI B anmapaTax KoleOasacb oT 20,7 No 22,2°, 
KOJMYeCTBO KHCOpogza oT 6,49 no 8,63 mr/n, unu 71—94,2% HacbIMeHHa. 

Becnoh 1959 r. cpeqHecyTouHad TemnepatTypa Bomb! KoneGanacb oT 14,8 
Mo 22,2°, colepxKaHwe KuCMOposqa B HHKyOaWMOHHEIX annmapaTax — OT 6,85 
no 10,01 M/s, unu 74,8—95,6% HacbineHua. KucnopoqHbli u TemmepaTypHbIii 
pexkHM ObIn OnaronpusaTHEt A pasBHTHA AKpbI oceTpa. 

BAWYAHHe cOome€HOCTH HA AUUNHOK. JIMuMHKN oceTpa, 
BEIKJHOHYBIUMeCA B JIOTKAX, NOMElLaIHCb B IMANUPOBaHHble Ta3bl 10 200 wTyK 
B Kaxkpli Ta3. B Tasbl HasHBaacb Boa TOH %Ke COJeHOCTH, B KOTOpOH mpo- 
XOQWIM ocemMeHeHve HW MHKYyOalHA UKpbl. B SMaJIMpOBaHHbIX Ta3axX JIMYMHKH 
HaXOJHJIMCb JO Wepexoja Ha aKTHBHOe MHTaHHe. B Tasax, re HAXOMMNNCb JH- 
YHHKH, BOa CMCHAACh CXKETHEBHO, JO CMCHBI BOE B HEH OMpeleAOCb KOJIH- 
YeCTBO KUCJOpoma. 

| JIM4MHKM Ha CTALHH BbIKeBa H3MeEPAMHCh M B3BELIMBaIHCb HA TOP3HOHHbIX 
Becax. BHewHui BU, AMUMHOK HCcAeqOBasIcH Nok MuKpocKkoriom. Mopdovoru- 
yeckoe HX cocToAsHHe onpezenan VM. A. Caqos, KoTOpomMy aBTop BBIpaxKaeT 
OoNbIyIo OaroyapHocth. 
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OcetpsTa, BbIKJIOHYBUIMeCH B JIOTKaX H3 HKDbI, MHKyOUpyroulelica B Boye 
i] pa3IH4HOH COJICHOCTbIO, OTIMYAIMCh pyr oT Apyra. 

4 B Boge coenocthio 4 4 6°/o y OoubIIHHCTBa JIMUMHOK HaOsIO,aoch pa3- 
BOCHHe XBOCTOBOFO KOHILa Xopfbl. Kpome Toro, OHH NpH BbIKJeBe HMeEJIH 3Ha- 
/ATeIbHO CosbUIe 2KeNTKA, YEM KOHTPOJIbHbIC JIMYHHKH, YTO, KAK MOXKHO lIpel- 
OlaraTb, BbISbIBAJIOCb 3aMeJICHHbIM OOMeHOM BelllecTB. Ilo qiwHe M4MHKH, 
jASBUBAIOUHecA B Bose C CoeHOCTHIO 4 H 6°/o9, Ob CaMbIe MaJIeHbKHe. Y Hux 
WakKe SHAYHTeJbHO OTCTaBaIH OOpasOBaHve pOTOBOH IWletH, *KaOepHbIX Jle- 
€CTKOB, MMIMeHTAllMA TasHOrO OoKaJia, HAKOMJIeHHe MelaHWHa B COMpa/bHOM 
Jianane. AHaiu3 «JIOTKOBLIX» OCeETPAT B BO3pacTe 7 CYTOK, NpOBOAMBIIMIicH 
Wa 10 nuuMHKax oT KaxKJOM MapTHu, MOKa3aJl, YTO MH4YMHKH, HAaXOAMMeCA B 
JoRe comeHocTh1o 2°/o), pasBHBaIOTCA JVUUIe KOHTPOJIbHbIX; y HUX Obl y4ue 
Ja3BUT 2aOepHblli amlapaT, HMeacb XOpollio cpociasca mepembluKa OOOHA- 
GJIbHBIX Kalicyl. Y MHUHHOK, paSsBHBaIOUMXCA B BONE COeCHOCTHIO 6/99, Mepe- 
|BIUKM OOOHATCIbHBIX KalcyJI He CpacTaJiucb, Y MHOPMX JIMYMHOK HaGuuosamacy 
/CUMMeTPHA TpPYAHbIX TWaBHUKOB. 

Hecmorp ua TO, 4YTO B IMAJIMpOBaHHBIX Ta3aX JIMYHHKU OCeTpa CosepxKaNuch 
\HENpOTOYHOHM Boe, KHCJOPOLHHIM pexKUM B HUX Obl BNOMHe OaronpusATHBIi. 
|[vuuHKUM BemH ceOa akTHBHO. IIpomeHT HacbIeHHaA BOLI KHCMOpOLOM Koue- 
anca oT 74,8 no 95,1. 

CpequecyTouHad Temmepatypa B Ta3aX BO BpeMA OMbITOB HE BbIXOAUa 3a 
PeAeIbI ONTHMAIbHOH DJId pasBHTHA OCceTpa H KouIeOasacb oT 17,9 no 19,3°. 

JIMYMHKH OceTpa, BbIKJIOHYBIUHeCA B almapatax Belica (ocemMeHeHve MKpBI 
IIpecHou Bose u B OCOMOHeHHON Bose 1; 2 nu 4°/o9, HHKYOallHa B MpecHoli Boze), 
(0 Mepe BBIKJIeBa NepeBoANIHcb B Ta3bl BHMPO c mporouHolt mpecHou Bonon. 
WeCb JIMMHHKH HaXOJMIMCb B TeyeHHe MepBol 5-2HeEBKH AKTHBHOFO NHTAHHA. 
MaTeEM OMIT Tpekpaitasica. KopMom cCJly2KHJIM OsHTOXeTH! H WadHnn. 

Ha6OmofeHua 3a STHMH JH4YMHKAaMH JO Mepexosa UX Ha aKTMBHOe MUTAHHe 
1B TeyeHue 5D THEM AKTHBHOFO MMTAHUA He MOKAa3aJIH KAaKOU-HOO CyMleCTBeEHHOK 
)a3HUIbI MEKLY HuMU. Pa3sBuTHe BCeX JIM4HHOK — BHe 3aBHCHMOCTH OT Toro, 
’ KAKOM Boe MpOxoLHIO OceMeHeHHe HKPbl — MpOXOAMJO BIOJIHE HOPMAaJbHO; 
10 pa3MepaM JIM4HHKM He OTIMUaNHCh Apyr oT Apyra. BepKuBaemoctTs Bese 
bia BbICOKOH. 

CojepxaHve Kucsiopoya B Ta3ax BHMPO, rye naxoqusucb JIMYHHKH, ObIIO 
sbICOKHM H KOJeOaocb oT 3,42 no 8,08 mr/a, unu 83,6—87,6% HacbiIleHua. 
jpefHecyTouHad TemnepaTypa B Ta3ax KowleOaacb or 18,6 yo 21,3°. 

Jia BbIACHeHHA BIIHAHHA BOI pa3sJIMYHOH COJICEHOCTH Ha JIMMMHOK oceTpa 
IOCJI€ HX BbLIKJICEBA UaCTb BbIKJICBbIBAIOMIMXCA JIMYHHOK M3 MpOWSBOACTBeHHOrO 
immapata FOurenko Opiia mometleHa B OCOJIOHeHHY!O BoLy. JIM4MHKH pasme- 
Walch B IleCTH SMaIMpOBaHHBIx Ta3ax no 200 HUHHOK B KaxKOM Tasy: OH 
a3 Obl] KOHTPOJIbHbIM C MpeCHOH BOOM, B APyruxX Ta3axX HaXOfHWMacb OCOJIO- 
ieHHaAd Boa coeHocTbIo 1; 2; 4; 6 u 8°/o9. Bo Bcex Ta3aX JIMYHHKH YYBCTBO- 
aI CeOA OUCH XOPOINO UH OBI NOABMKHEIMU. HaOmioeHuaA 34 HAMM BEJIHCb 
(0 Mepexofa oceTpAT Ha akTMBHOe nHTaHHe. Hukakol pa3HHIbl B MOBeLeHHu 
LIOOK, HAXOAAMLMXCA B BOJe pasIMYHOM COeHOCTH, He HaOJIOMaOCb; BbLKH- 
ACMOCTh UX ObIa BEICOKOM HU KOMeOanach oT 70 Wo 97%. 


Asep6alioxanckat Hay4HO-HCCIeqoBaTebCKad [locrymuso 
pbI6oxo3AlicTBeHHaA Ja6opaTopuA 19 IX 1960 
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